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ROCHESTER. 


S team 
Road Rollers & Tractors. 


umford, L 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wak OFFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, pages 27 and 71, last week. 


PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


9863 





And Auxiliary Machinery as supplied to the 
Admiralty. 2 


Pf ohn H., W itson &Co., Lid., 
Birkenhead. 


See Illustrated Advertisement Page 100, Jan. 28, 1921. 
| socoes otive ShuntingCranes 


Steam and Bycctric Cranes. 


EXCAVATORS, CRANE-NAVVIES, GRABS, 
CONCRETE-MIXERS, 

SHIPS’ WINDLASSES, WINCHES, and 
DECK MACHINERY. anes 








List OF STANDARD S1zE8 ON APPLICATION. 


London Office: 15, VICTORIA STREET, 8.W.1. 
FOR 


Drop Forsings 








GARTSHERRIE ENGINEERING & FORGE CO., 
____ 50, Wellington Street, Glasgow. | 9674 
Plank Locomotives. 
eames ~~ and Workmanship equal to 
n Line Locomotives. 
R.& W. HAWTHORN. LESLIE & CO., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 





pencer- LJ opwood” Patent 
Sole Makers : Boilers. ot. 


SPENCER - BONECOURT, Lrp., 


9293 
Parliament Mansions, Victoria St., London, 8.W. 


fians and Blowers.— 

We are always prepared to reserve trade 
commission On any sales resulting from intro- 
duction to new firms interested in our output 
of Fans and Blowers for boiler draught, heating 
and ventilating, drying and condi oning, dust 








extraction, blast to for, ae and cupolas 
pneumatic cogoness of I aterials.— 
PROGRESSIVE ENGIN RRING COMPANY 
LIMITED, Leicester. _ 9763 
K J. Davis, M.I. Mech.E., 
. ines __Bnspected, Tested and 


Reported = er 25 years’ ex 
736 and 737 Stratford. Wire : “ Ra: 
Great Eastern Road, Stratford, 


\jteam Hammers 
without pe. Hand-worked or self-acti 
TOOLS for SHIP UILDERS & BOILERMAKE 


516 
DAVIS& PRIMROSE, Liwrr Liwrrep,LeiTH, EpINBURGEH. 


prett’s Patent Litter Co 


i ammers, Presses, Furnaces, 


ence. Tel. : 
ising, Lendon,” 
1794 











COVENTRY. 
} Jever, Dorling & Co., ia. 
i GR. a ‘ORD. 


BNGINES FOR ALL PURPOSES 
‘so WINDING, HAULING, AIR COMP RESSING 
UMPING ENGINES. 


(jtanes.—Electric, iiicias 
REaR eee and HAND, 


sizes. 
GEORGE RUSSELL & CO., Lrp., 
: Motherwell —— — 9048 





(with or} 


GLASGOW. 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 
EXCEPTIONAL SHALLOW DRavu@Guat. 
Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British 
Columbia. 9563 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


| 


FRED" WATER HEATERS, 


CALORIFIERS, EVAPORATORS, > _2°¥'S 


PATENTS. 


; CONDENSERS, AIR HEATERS 


Merrill's Patent ‘TWIN STRAINERS for Pump 
uctions. 
SYPHONIA STEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING. 5723 





(\ampbells & Herter, L4- 


SPECIALISTS IN 
Drillers & Boring. Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





3 ¥Y achts, Launches or Barges 


Built complete with Steam, Oil or Petrol 
Motors ; or Machinery supplied. Od 3551 
VOSPER& Cco., Lrp., Broap STREET, PORTSMOUTH. 


(Cochran = MULTITUBULAR 


AND 
OSS-TUBE TYPBS. 
See page 17, Jan. 27. 


‘Bol ers. 
9947 
[ihe Mitchell nveyor and 
TRANSPORTER O©O., LTD., 
ConTRacTING BNGINEERS. 








DESIGNERS and BUILDERS 
of 
all Classes of HANDLING MACHINERY. 


Atlantic House, 
45-50, Holborn Viaduct, 
London, E.C, 1, 


Telegrams: ‘‘ Micontraco, Cent, London.” 
Telephone; Holborn 286, 9759 
‘he Glasgow Railway 
Engineerin Company. 
OVAN, GLASGOW. Lrp., 
London Office—12, Victoria — S.W. 
MANUFACTURERS 
RAILWAY CARRIAGE WAGON & TRAMWAY 
WHEELS & AXLES. 
CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXKS. 540 





N achinmg Work Wanted.— 

Engineering Works with modern plant and 
own railway sidings WANT REPETITION WORK. 
Centre lathe 4 (up to 18 in, centres), boring, 
drilling, shaping, plate working Keen prices on 
receipt of sample or blue print. 

Machined Castings of finest quality in iron or 

—, to customers’ own patterns or drawings. 

ait pee to manufacture any special machinery or 
small 


Parts. SALTRRNS Lr. Engineers, 


Parksto 
P. & 


ne, 
MANUFACT 
BAIL Wax. CARRIAGES "AND | WAGONS 
EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING,&c. 
Chief Offices: 129, Trongate, GLaseow. Od 8547 


Registered Offices: Clutha House, 10, Princes S8t., 
hom vasunaten "Toatee 2 W.1. 


rawing () fice. 


All classes of mechanical and structural work 
undertaken. Special plants designed and super- 
vised during erection. Contracts for plant and 
machinery handled and supervised throughout. 

OWEN & CRISP. 
64, Basinghall Street, London, B.C.2., 

Telephone No.: London Wall 5666. 9850 


R172 





CLUTHA oo Srp 





W. MacLellan, Limited, |—— 


[tubes and Fittings, 


IRON AND STEEL 


~ gasp and Love's L 


SWALD 8T., GLASGOW. 
BROAD Ther aes, BIRMINGHAM, 
and LONDON Aaa 
Wrvouester Hous < Broap Street, B.C. 
LONDON WARBHOUSE-167, Upnr. Tames St., B.C. 
LIVERPOOL WAREHOUSE—63, ParapisE Sr. 
MANCHESTER WAREHOUSE—%4 , DEANBGATE. 
CARDIFF WAREHOUSE —132, BuTE Sr. 
BIRMINGHAM WAREHOUSE—Nie 
SHEEPSOOTE STREET. 
See Advertisement, page 26. 


Hyconomy 


STREET, 
9952 





HIGH BOILER EFFICIENCIES 
ARE OBTAINED BY INSTALLING 


[lodd ()?! Brrzers 


FUEL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 


49-51, KastcuHEeapP, Lonpon, B.C, 3. 


TODD SHIPYARDS CORPORATION, - 


Builders of Steam and Motor Ships, Repairers, 
Electric Drive Installations. 
Twenty-one Floating Docks, Two Graving Docks, 

Twelve Shipways. ~ 
25, Brestuny, Ee New York, U.S.A. 


9960 
Pat 

Gee’ 8 Hyde ae atte Ash | Eje ector. 
Great saving of labour. No noise. = o dust. No 
dirt. Ashes oar 20 ft. clear of vessel.—Apply, 
FP. J. TREWENT & PROCTOR, Lrp., Naval Archi- 

tects and 7 Neen 43, Billiter Bldgs., Billiter St., 
London, B.C _ Od 4 4835 





ON ADMIRALTY LIST. 


Jj ohn Kirkaldy, Ltd., 


London Office: 101, acon A Sr. 3. 
Works : Burnt MILL, near HaRLow, boo 
Makers of 
aos and Distilling Plants. 
het ratin = —— ng Machinery. 
ater 





Beep tors. 

Fresh Water Distillers. 

Main Feed Pum 

Combined Circu ating and Air Pumps, 
Auxiliary Surface Condensers. 


&e. &e. 9604 


Time Recorder, os New, 


. guaranteed, latest model: WHAT OFFERS ? 
—A. G. PELLEY, 149, Farringdon Road, K sy 
549 


Ki lectrie (iranes 


['raversers. 





[['ransporters. 
L ifts. 


§. H. HEYWOOD & Co., Lro., 
Reddish. 








Telegrams 


Wildicas' Steel at tnhée 


wae Boilers, Su nem. 


Shaft Bytraalic Wi 
1 ‘bal ITED . BIRMINGHAM. “C 08179 











Iron and Steel 
[lubes and Fittings. 
Sole Li in Great Britain for the oy 
of “Armco” Rust es ae Resisting — 


The Scottish “Tube Co., Ltd., 


Heap Orrice: 34, Robertson Street, Glasgow. 
See Advertisement page 77. 


Airey Nelson & Co., 





Tur GLascow Roane Srock anp PLawr Wonks. 


AB busidersofRAILWAYCARRIAGRS,WAGONS 
IL WAT ond and TRAMWAY ROLLING STOCK, 
"Makers of WHEELs and Axes, Rathway Pant. 
Forerres, Suirn W lpow snp Brass CasTines, 
PRESSED STEEL WORK OF ALL Kinps. 
Registered Office and Chief Works: Motherwell 
Office : 14, Leadenhall Street, E.C, 





——- —— 


—— 


——- 








a oe 





Wiaiter-Tube Boilers. 


whtid 
Messrs. YARROW & CO. UNDERTAKE the 
PRESSING and MACHINING of the various 
of Yarrow Boilers, such as the Steam Drums Water 
Pockets, and Superheaters for British and Foreign 
Firms not having the necessary facilities, 
YARROW & CO., Lrp., ScorTstoun, GLaseow. 


sJobn Bellamy Limited, 


MILLWALL, LONDON, B, 

GENERAL CONSTRUCTIONAL RYNGINEERS. 1216 
Boilers, Tanks & Mooring Buoys 
Stuis, Perrot Tanks, Arm RECEIVERS, STEEL 
CHIMNEYs, RIveTteEp Stream and VENTILATING 
Pipes, Hoppers, SprectaL Work, REPAIRS OF 

ALL KINDS. 


RAILWAY AND TRAMWAY ROLLING STOCK, 


urst, Nelson & Co: L“. 


THE Gi.assecow RoLiine Srock AND PLANT baby ee 
MOTHERWELL. 


H4 Wrightson & (10. 


LIMITED, 





See Advertisement page 62, Jan. 27. 
Bu Head Rails. 
SECOND-HAND. 
M.R. 85 Ibs. Section. 

20 TONS. FOR SALE. 
20,000 SLEEPERS, 
Chairs, Fish plates, ete., 

THOS. W. WARD, LTD., 

____ SHEFFIELD. 


2402 


T 135 


Wivaosnen 
Lirts 


55, Ferrer Lane, LONDON, E.C. 4, 
63, LioneL STREET, BIRMINGHAM. 
and Principal Provincial Cities, 





9453 


54 & 
62 & 





GOLD MEDAL-Invenrions Exuisirion-Awarpen. 


Duckham's Patent Suspended 


WBIGHING MACHINES.—BAST YERRY 
ROAD ENGINEERING WORKS COMPANY, Lev. 
Lonpor, E.—Hydraulic Cranes, Grain Klevators, &, 

See Illus. Advt. last week, page 15. 9764 
GRAPHITED 


40 


“OILDAG” 


(Reg.) BRAND. 





GRrapHitrep 
WATER. 


“AQUADAG” 


(Reg.) BRAND. 
Gena 
G GREASE, 


“4 GREDAG , 


EK. (¥. Acheson Le 


Dept. B., Role ean Works: 
40, Woon Sr., 8.W.1 PLYMOUTH, 


S. QGokal, PATTY AGENT. 


1, Great James Street, Bedford Row, London, W.O.1. 
T.N, 4515 Museum, 9675 








(Nentrifugals. 


Pott (\aseels & Williamson, 


MOTHERWELL, SCOTLAND. 





— 9127 
9862} See half-page Advertisement page 74, Jan. 20. 
tid Adve, team ammers 
Page 88 
3 | Sane 31. Pover Hammers 
riction 
gg die 
; B Massey, Lid., 
Od 3382 ° & « 140 MANCHESTER. 
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ENGINEERING. 


(FEB. 3, 1922. 








[the Manchester Steam Users’ 


ASSOCIATION. 

For the prevention of Steam Boiler Explosions and 
for the attainment of Economy inthe Application 
of Steam, 9, Mount STREET, MANCHESTER. 

Chief Engineer: 0. KE. STROMBYER, M.I.0.B. 

Founded 1854 by Sir WILLIAM FarRBarRy, 

Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions, Engines 
and Boilers inspected during construction. 9310 





Breyrus Company, 


BXCAVATING AND MINING 
MACHINERY MAKERS 


Headquarters at South Milwaukee, Wisconsin, 
U.S.A., WISH to ANNOUNCE that they have 
NOW opened their OWN OFFIC at 


19, IDDESLEIGH HOUSE, 
CAXTON STRERT, 
WESTMINSTER. 


Please address all communications 
for them so, 


cinlesatesisacnihale 
niversity of Glasgow. 
FACULTIRS OF ARTS AND SCIENCE. 
WINTER SHSSION, 1922-23. 


THE UNIVERSITY HEREBY GIVES NOTICE 
that all APPLICANTS for permission to attend 
during the WINTER SESSION commencing 9th 
October, 1922, and of the classes in the under-noted 
Departments, must apply for and lodge with the 
Registrar a Form of Application not later than 
3ist May, 1922. 

Departments of : 
Mathematics. Chemical Laboratory. 
Natural Philosophy. Nngineering. 
Physical Laboratory. Botany. 


Chemistry. pares 
DONALD MACALISTER, 
Principal. 
922. T 285 


Fyginecring.—Technical In- 
A STRUCTION. GRAHAM M. STEVENSON, 
M.1.B.K. and M,1.Mech.8., 
Paradise Street, Birmingham. Individual tuition 
in Machine Design, Calculations of Klectrical Power 
Transmission, Steam and Hydraulic Plants. Impor- 
tant positions are now held by pupils trained in 
Haoginee:ing by Mr. Stevenson. Interview by 
Appoiutment only. T 322 


orrespondence Courses for 
B.Sc., Inst. C.K., I. Mech. E., all BNGI- 
NEERING EXAMS. Special Courses and Single 
Subjects. Personal tuition.—For full ticulars 
apply to Mr, TREVOR W. PHILLIPS, B.Sc. (Hons.). 
Assoc.M.Inst.C.B., M.R.S.1., etc., 8-10, Trafford 
Chambers, 58, South John Street, Liverpool. 9296 


nst. O.E., I. Mech. E., B.Sce., 


and all Engineering Examinations.—Mr.G. P. 
KNOWLBS, B.Sc., M.B.E., A.M.Inst.0.K., F.S.1., 
M.R.San.I,, PREPARES CANDIDATES personally 
or by correspondence. Thousands of successes 
during the last sixteen years. Courses may com- 
mence at any time.—39, Victoria St., Westminster, 
8.W. Tel. 4780 Victoria. 9814 


my 

nst.C.E. Exams:—Successes 

as usual last Exam. by Correspondence Coach- 

ing. Successes by hundreds, several prizes. Sec. 

“OO” embraces 25 years’ professional experience. 
Address, 7434, Offices of ENGINEERING. 


January, 


Queen’s College, 





enningtons, University 
TUTORS, 254, Oxford Road, Manchester. 
Hstab. 1876. Postal courses for all Engineering 
Bxams. Bnrol now for I.C.B.and I.M.H. Courses. 
100 per cent. passes last Exams. 








TENDERS. 





CITY OF CARDIFF, 
STEBL TRAMWAY RAILS. 


Tenders are Invited for the 

MANUFACTURB, SUPPLY and DELIVERY 
of 400 tons of STEEL TRAMWAY RAILS (British 
Standard Section, No. 4 revised). 

Forms of Tender and Specification may be ob- 
tained and Conditions of Contract seen at the Office 
of the City Engineer, City Hall, Cardiff, 

Sealed Tenders on the prescribed form endorsed 
** Tender for Tramway Rails" are to be delivered at 
the Town Clerk’s Office, City Hall, Cardiff, not later 
than Wednesday, the 15th February, 1922. 

CECIL G. BROWN, 
Town Clerk, 


CITY OF HULL. 
SUPPLY OF TRAMWAY RAILS. 


T 34 





The Corporation are prepared to receive 


TWNenders for 500 tons, or 
alternatively 1000tons GIRDER TRAMWAY 

RAILS, of the special Hull centre groove section, 

weighing approximately 112 lbs, per yard. 

Forms of Tender and other particulars may be 
obtained from the undersigned, free of charge, 
by actual manufacturers or their . accredited 
representatives. 

Tenders, endorsed ** Tender for Rails,” are to be 
addressed to the Chairman of the Tramways Com- 
mittee and delivered at the Town Clerk's Office, 
Hull, before Noon on Monday, the 20th February. 

The Corporation do not bind themselves to accept 
the lowest or any Tender 

By Order, 
F. W. BRICKNRELL, 
City Engineer. 


T3338 


Guildhall, Hull, 
2nd February, 1922. 


50}. and made payable to the Great Indian Peninsula 





BOMBAY, BARODA AND CENTRAL INDIA 
RAILWAY COMPANY. 

The Directcrs are prepared to receive. up to Noon, 
on Friday, 17th February, 


[lenders for the Supply of 


HELICAL SPRINGS. 

Tenders must be made on Forms, copies of which, 
with Specification, can be obtained at these Offices 
on payment of 20s, each, which will not be returned. 

The Directors do not bind themselves to accept 
the lowest or any Tender. . 

8. G. 8. YOUNG, 
Secretary. 
Offices: The White Mansion, 
91, Petty France, 
Westeninster, 8.W. 1. 

27th January, 1922. 

COUNTY BOROUGH OF BRIGHTON, 


TO CONTRACTORS AND OTHERS. 


NOTICE IS HBREBY GIVEN that the Council 
of the said County Borough will receive 


'|\enders from such Persons as 

. may be willing to enter into a Contract for 
CONSTRUCTING AND COMPLETING A WIND- 
ING SHAFT and other Works in connection with 
the MILE OAK PUMPING STATION, PORT- 
SLADE, SUSSEX. 

The Specification and Form of Tender may be 
obtained on application at my Office at the Town 
Hall, Brighton. 

Sealed Tenders addressed to me and endorsed 
“Tender for Constructing Winding Shaft, etc.,” 
must be left at my Office at the Town Hall before 
Ten o'clock in the forenoon on Tuesday the 14th day 
of February, 1122. 

The Council do not bind themselves to accept the 
lowest or any Tender. 

Persons tendering must do so at their own 


expense, 
HUGO TALBOT, 
Town Clerk. 


T 302 





Town Hall, Brighton, 
28th January, 1922. T 308 


ESTON URBAN DISTRICT COUNCIL. 
ELECTRICITY SPECIAL ORDER, 1921. 


[renders are Invited for the 
ERECTING and PROVIDING of PLANT in 
connection with the Overhead Lines, Underground 
Cables, Transformers, Substation Equipment and 
Public eons a required under the above 
named Order, in accordance with Plans and Speci- 


fications prepared by the Engineer, Mr. GrorGeE | 


Dixon, Brotton, 8.0., Yorkshire. 
Specifications, plans and general conditions of 





contract may be seen on or after the 6th day of 
February, 1922, at my offices or by appointment 


at the office of the Engineer. | 


Copies of plans, specifications, conditions, tender, 
contract and guarantee may be obtained at my office 
on a deposit of Three Guineas, 
returned on receipt of a bona fide Tender. Tenders 
must be sent in on the forms provided and subject 
to the conditions thereon endorsed not later than 
Five p.m, on the 28th day of February, 1922, ina 
sealed envelope marked “Tender for Electricity 

orks.” 

Dated this 24th day of er 1923 


lerk. 
Cleveland House, 
Grangetown, 8.0., 
Yorks. T 229 
THK GREAT INDIAN PENINSULA KAILWAY 
COMPANY. 


The Directors are prepared to receive 


[renders for the Supply of| 


the following STORKS, namely::— 
Specification Fee. 
1. India Rubber Hosepipes, 
Sheets, &c. 5/- 
2, Canvas Hosepipes £1 
3. Spark Arresters, Sieves, &c. 7/6 
4. Lamp Glasses, &c. 2/6 
Specifications and Forms of Tender may be 
obtained at this office on payment of the fee for 
the Specification, which payment will not be 
returned. 
The fee should accompany any application by 
post. Cheques and Postal Orders should be crossed 


Railway Company. 

Tenders must be delivered in separate envelopes, 
sealed and addressed to the undersigned, marked 
“Tender for India Rubber Hosepipes, Sheets, Xc.,” 
or as the case may be, not later than Eleven o’clock 
a.m., on Tuesday, the 14th February, 1922. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

R. H. WALPOLE, 
Secretary. 
Company's Offices, 
43, Copthall Avenue, B.C. 2, London. 
Ist February, 1922. 


CORPORATION OF CALCOTTA. 
NOTICE TO CONTRACTORS. 
TAR SPRAYING MACHINE. 


7 339 





T[‘enders are Invited for the 
SUPPLY and DELIVERY complete in working 
order at Corgoration Workshops, Butally,Calcutta,ot 
ONE TAR SPRAYING MACHINE. The machine 
shall be arranged so as to be drawn by a steam road 
roller. The tank is to havea capacity of about 600 
gallons. Means are to be vided for applying the 
tar under pressure and for heating the tar. Tenderers 
shall submit a detailed description and Specification 
with illustration or drawings of the machine they 
offer and shall state the time required for delivery. 
Tenderers shall submit Tenders on their own 
forms in duplicate enclosed in sealed covers and 
superecribed ‘ Tender for Tar Spraying Machine.” 
Tenders should be addressed to the Deputy Chair- 
man, Corporation of Calcutta, Central Municipal 
Office, 5, Corporation Street, Calcutta, and should 
reach him on or before Monday the 20th March, 
1922, when they will be opened in the presence of 
such tenderers as may be present. Tenders must 
remain open for ee for a period of at least 
eight weeks from the date of opening. For further 
particulars, if required, apply to the Chief Engi- 
neer to the Corporation. 
J. R. COATS, B.Sc., M.Inst.C.E., 
Chief Engineer to the Corporation. 
Central Municipal Office, - 
297 


which will be’ 


2. 
HOMAS —. j 





ith January, 1922, 


THE COMMISSIONERS OF HIS MAJESTY’S 
ORKS, etc., are prepared to receive 


! | Yenders before Eleven 

a.m. on Monday. 13th February, 1922, 

for the SUPPLY TOOLS for various 

trades during a period of three months from date of 
acceptance of Tender. 

Forms of Tender, etc., may be obtained on ee 
tion to the CONTROLLER OF SUPPLIES, H.M. 
Office of Works, etc., King Charles Street, West- 
minster, London, S.W. 1. T 304 


CEMENT GUN AND PORTABLE AIR 
COMPRESSOR. 


THE SWANSEA HARBOUR TRUSTEES invite 


'lenders for the Hire for About 


Two Years, ot a CEMENT GUN and PORTA- 

BLE AIR COMPRESSOR, together with all 
necessary Hose and Fittings complete. 

Further particulars may be obtained on application 
to the Trustees’ Engineer, at the Harbour Offices. 

Tenders, sealed and marked ‘‘ Tender for Hire of 
Cement Gun and Compressor,” to be delivered to 
the undersigned on or before Friday, the 17th 
February, 1922. 

The Trustees do not bind themselves to accept the 
lowest or any Tender. 

TALFOURD STRICK, 
Clerk to the Trustees, 
Harbour Offices, 


Swansea. 
26th January, 1922. 


BUSINESS FOR SALE. 


MACHINE TOOLS. 


kes Sale by Private Tender 


asa Going Concern, by order of the Receiver 
for the Debenture Helders. 

The BUSINESS and WHOLE UNDERTAKING 
of HARRY F. ATKINS, Limited, in Liquidation, 
Machine Tools Manufacturers, Old Filetton, 
Peterborough. 

Comprisin 


The FREEHOLD ENGINEERING WORKS, 
with the Fixed and Loose Plant and Machinery, 
Fixtures, Fittings and Office Furniture, Tools, 
Jigs, Templates, Stores, Stock-in-Trade, Goodwill, 
Patent Rights, Patterns and I rawings. 

Tenders will be received up to 28th February, 
1922, when they will be considered. The Receiver 
does not bind himself to accept the highest or any 
Tender. Particulars and orders to view may be 


T 269 





' obtained from Messrs. DARKE, ROBSON & os 
337 


146, Bishopsgate, London, E.O, 2. 337 
COUNTY BOROUGH OF WOLVERHAMPTON, 
ELECTRICAL ENGINEER’S DEPARTMENT. 


[Tenders are Invited for the 
SUPPLY, DELIVERY and COMPLETE 
BREOCTION ef TWO WATER TUBE BOILERS 
and INTEGRAL 8UPERHBEATERS. 


i Rar cmapwrern Conditions of Contract and Form 
Oo 


ender may be obtained from the undersigned 
on payment ot a deposit of two guineas, which will 
be refunded on receipt of a bona fide Tender and the 
return of all documents. 
The Corporation do not bind themselves to 
accept the lowest or any Tender. 
8S. T. ALLEN, T 293 
Chief Engineer and General Manager. 
BOMBAY, BARODA AND CENTRAL INDIA 
RAILWAY OOMPANY. 
The Directors are prepared to receive up to Noon 
on Friday, 24th February :— 


[['enders for the Supply of 

GIRDER BRIDGES. 

Tenders must be made on forms, copies of which, 
with specification, can be obtained at these offices 
on payment of 208. each (which will not be returned). 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

8. G. 5. YOUNG, 
Secretary. 
Offices; The White Mansion, 
91, Petty France, 
Westminster, 8.W. 1. 
ist. February, 1922 


TO SHIP AND BARGE BUILDERS. 


T 353 





[[\enders are Invited for the 
CONSTRUCTION and DELIVERY et 
afloat to London of SIX or more OPEN RIVER 
SWIM ENDED DUMB BARGES to be built of 
8.M. Mild Steel to the following dimensions :— 

Lengths O.A 86 ft., hold 49 ft., fore deck 19 ft. 6in., 
after deck 17 ft. 6 in. 

Breadth on top at fore bulkhead 23 ft., at after 
bulkhead 22 ft. 6 in., at bottom at fore bulkhead 
18 ft., at after bulkhead 17 ft. 4 in. 

Depth from top ef gunwale amidships 7 ft. 6 in., 
sheer torward 2 ft. 8 in , aft 2 ft. 

Frames in hold, bulbangles 5 in. by 23 in. by §in.— 
spaced 21 in. ayart. 

Frames forward and abaft bulkheads 6 in. by 
2} in, by § in.—spaced 15 in. apart, 

Floors in hold **Z” bars 6 in. by 3} in. by 3 in. 
by 4} in. 

Keelsons, two channels, each 8 in. by 3 in. by 
19°43 lbs., in two lengths extending 5 ft, up eac 
swim, 

Chime angle bars 3 in. by 3in. by gin. Beams to 
alternate frames 3} in. by 2} in, by § in. with 
knee plates. 

Gunwale 24 in. wide by ?, in. chequered plates. 
Fore and after decks chequered ,', in, 

Huddis plate § in. Bulkheads (2) 44, in. with 33 in. 
by 2} in. by § in. stiffeners, 30 in. apart. 

Main beam 8 in. by j in. **T” bulb cambered 6 in. 

Gunwale angle round backed 3} in. by 2} in. by 
gin. Coamings 12 in. by § in. flanged to deck. 

Bowboards sin. by # in. bulb angle, sternpost 
plate $ in., budget ,, in. between double angle bar 
frame 2} in. by zg in. by ,& in. and stayed to bottom 
at bulkhead by a plate 4 1n. thick, 18 in. wide. 

Plating sides and bottom gin. Sheerstrake in. 

Rudder, tiller, windlass roll and bitts, of oak. 
Three oak stems on fore swim 6 in. by 3$ in./3 in. 
beween angle bars 2 in. by 2} in, by y& in. | 

After cabin plainly lined, and fitted with stove. 

Rivetting to Lloyd's rules. 

Ceiling 3in. pitch pine, long lengths. 

Four cast iron dollies opening through top 8 in. 
in diameter. 

The lowest or any Tender not necessarily accepted 
by TOUGH & HENDERSON, Tug and Barge Owners, 
66, Upper Ground Street, Blackfriars, London, 
8.K.1. T 324 


THE HIGH COMMISSIONER FOR INDIA 


23a T = 


is 
enders for the Supply 
f 


of :— 
FERRULES, STEEL. 
BUFFERS, DRAW-BAR HOOKS, 
TRUSS BARS, &c. 

Forms of Tender may be obtained from the 
Director-General, India Store Department, 
Belvedere Road, Lambeth, S.E. 1, and Tenders are 
to be delivered at that Office not later than Two 
o'clock p.m., on Tuesday, the 28th February, 1922. 

T. RYAN, T316 
Director-General. 
TU FLRMS WANTING WORK, to 


uotations are Required, 

either separately or collectively, for the 

folluwing UNITS, which comprise new patterns of 
the Harley Heat Retaining System :— 

A.—225, 3in. bore Hand-operated Single-acting 
Brass Air Pumps; B.—75, 3 in. bore Double-acting 
ditto, but with different lines and layout ; C.—200 
double walled Brass Vacuum Tanks, circular section 
in two sizes, 73 in. dia. by 433 in. and L bem by 61} in., 
of thin gauge brass tube or rolled sheet; D.—3u0 
Sets Small Control Valves and allied mechanism, 
to three designs embodying similar main details, 
in brass, &c. 

The above are repetition products, @bject to 
repeat orders, therefore applications from serious 
people are required. 

wey which show all details and may not be 
departed from, are obtainable from the undersigned 
upon payment of the following fees, which are not 
returnable under any circumstances :—For A and B 
separately £1 1s. each, together £1 10s.; C, 15/-; 

» ls. 

The advertiser does not bind himself to accept 
the lowest or os — Applications to 
Ii. GEORGE HARLEY, General and Consultin 
Engineer and Proprietor ef Harley Patents, Gran 
Avenue, Camberley. T 348 


APPOINTMENTS OPEN. 
stimator, Experienced in 


motor, fitting and assembly work. 35 m'les 
London.—State full particulars and salary required. 
—Address, T 331, Offices of ENGINERRING. 


Works Manager Wanted for 


Chemical Works in Lancashire, Chemical 
engineering aud works experience essential, also 
knowledge of chemistry.—State past experience in 
confidence and salary required to BOX 261, care of 
Potrer’s Advertising Agency, Imperial House, 
Kingsway, W.C. 2. T 317 


orks Management.— 
WANTED, TWO QUALIFIED ASSIS- 
TANTS with first-class practical and theoretical 
experience (a2) One for the manufacture of genera- 
tors, turbo-alternators, motors, etc., and (b) one for 
steam turbines, condensers, pumps, etc. Applica- 
tions are invited from men with a thorough 
knowledge of the manufacture of the apparatus 
mentioned, and only those who have exercised 
executive control in an Engineering Works need 
apply. Applicants must be of good personality, 
and tamilier with the most up-to-date methods of 
manufacture. Applications (which will be treated 
in confidence) should give full detaile of experience, 
positions held, and qualifications for the vacancies, 
and should include age of the applicant and salary 
required. The positions offer excellent prospects 
to suitable applicants —Address, T 271, Offices of 
ENGINEERING. 











Heating Engineer Required 
by leading London firm for complete design 
Water, 

Installations for Public Buildings, etc. 


of Hot Steam and Vacuum Heating 
Knowledge 
of Plenum work also desirable. Give full details of 
experience and state age and salary expected. 


—Address, T 334, Offices of ENGINEERING. 

: Civil Engineer Required 
by the GOVERNMENT oF CEYLON 
for service asan ASSISTANT ENGINEER 
in the RAILWAY CONSTRUCTION DEPART- 
MENT for three years with possible extension. 
Salary seven thousand rupees per annum, plus a 
temporary allowance of 33} per cent. (not te exceed 
£150 per annum). Free passages. Candidates, 
uamarried, undér 25, should have received good 
training and experience on an English or American 
lway and have a thorough knowledge of 
surveying, levelling, estimating, setting out and 
supervising all works in connection with the 
location and construction of a Railway.—Apply at 
once in writing, giving age and brief details of 
experience to K CROWN AGENTS FOR THE 
COLONIES, 4, Millbank, London, 8.W. 1., quoting 
M Ceylon 11299. T 345 

SHANGHAI MUNICIPAL COUNCIL. 

PUBLIC WORKS DEPARTMENT. 
APPOINTMENT 
OF TWO ASSISTANT ENGINEERS. 


[Wo Thoroughly Qualified 


ASSISTANT ENGINEERS are REQUIRED 
in the Public Works Department. 

(a) Candidates must be unnta:ried, not more than 
30 years of age and should hold the testamur 
of the Institution of Municipal and County 
Engineers or have passed the examination for 
Associate Membership of the Institution of Civil 
Engineers for 

(8) Hold a degree in Engineering 
University in Great Britain. 

Salary, Taels 350 per mensem, without allowances, 
under « three years’ agreement, with first class 

ssage, half pay on voyage and free medical 
attendance. There is an excellent Superannuation 
Scheme. 

(c) The value of the Tael at the presert rate of ex- 
change is about 3s. 6d., but it is liable to fluctuation. 
Taels 350 per mensem at exchange 3s.4d. is equivalent 
to about £700 per annum, but the salary is payable 
in Taels without reference to rate of exchange. ; 

Particulars of the appointment may be obtaine: 


from ‘ T 336 
Messrs. JOHN POOK & CO., 
Agents for the eo Municipal Council, 
68, Fenchurch Street, 
ndon, B.C. 3. 








from a 


February, 1922. 


[)taughtsmen Required for 
Large Works. Must be thoroughly con- 
versant with structural steelwork detailing for 
heavy workshop buildings. Experienced men only 
need apply.—State age, qualifications, experience 
and salary expected. — Address, T 357, Ofhces © 
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THE NATIONAL SIGNIFICANCE OF LOW- 
TEMPERATURE CARBONISATION. 


By Davin Brownttz, B.Sc.Hons.(Lond.), F.C.S., 
A.M.I.Min.E., Mem.Am.Soc.M.E., A.I.Mech.E. 


Txe solution of the main technical problems 
of low-temperature carbonisation is an event 
of such tremendous importance to Great Britain 
that it will not be without interest to summarise 
under different heads, the significance of the 
achievement. To do adequate justice to the 
subject would require a volume of considerable 
length, so that I am hampered considerably in trying 
to compress the facts into a short article, and the 
task is not made any easier because it is difficult 
to write on the subject without apparent exaggera- 
tion. With this apology, therefore, I would say 
that in the first place the future existence of Great 
Britain depends essentially on the solution of two 
problems, namely, fuel economy and the develop- 
ment of our agriculture. Low-temperature car- 
bonisation if fully developed would mean a saving 
in the national coal bill of about 75,000,000 tons 
per annum together with the abolition of black 
smoke, which, with other advantages, is equivalent 
to a saving of about 200,000,000/. per annum. It 
would mean also that we could produce in our own 
country sufficient motor spirit, Diesel oil, fuel oil, 
and possibly also lubricating oil, to be independent 
of the rest of the world, and enough sulphate of 
ammonia to develop our agriculture to an enormous 
extent, and again be independent for another vital 
necessity, fixed nitrogen. 

The successful process of low-temperature car- 
bonisation now being carried out at Barugh, near 
Barnsley, by Messrs. Low-Temperature Carbonisa- 
tion, Limited, in conjunction with Messrs. Close 
Brothers and Co., Limited, has already been 
described at great length in the article in your issue 
of ENGINEERING of October 28, 1921, page 596. It 
will be sufficient, therefore, for me to give the follow- 
ing table, expressing the approximate average figures 
for the yield obtained by the low-temperature 
carbonisation of coal, as compared with existing 
high-temperature methods. It is naturally extremely 
difficult to give true average figures because different 
coals give different results, and the gas works 
process itself varies considerably in efficiency, 
depending on the type of plant. It must be remem- 
bered, however, that the coalite process can be 
applied to all the coals of the country, and that up 
to 70 per cent. of fine non-coking slacks, practically 
a refuse product at the collieries, can be used. 
Finally, the coal used (as gas) in heating the retorts 
is not included, but in this respect the coalite process 
is better than the coke oven, and much better than 
the average gas works. 

Products from One Ton of Average Coal. 
High-Temperature 
Low- Carbonisation. 
Temperature 
Carbonisation. 








Gas Works. | Coke Ovens 





Temperature | 1,000 deg. F... 
of carboni- | 
sation | | 


In retorts ..|14} ewt. smoke-| 13} cwt. soft | 14 cwt. hard 
less fuel coke (say 1 metallurgi- 
coalite (9- per cent. | cal coke (say 
| 10 percent. volatile) less than 
volatile) 4 per cent. 
volatile). 
| 8 gallons coal 
tar. 
| 


About 1.800 |About 1,800" 
deg. F. deg. F. 








Liquid al 20 gallons, 
coalite oil 


| (including 3 


10 gallons 


coal tar 


gallons of 
motor spirit 
‘ 

12,000 cub. ft. | 
(550 B.Th.U.)} 





6,000 cub. ft. 
(700 — 750 
B.Th.U.) 


11,500 cub. ft. 


Gas... 
(450 B.Th.U.) 





Sulphate 
ammonia 





ol 


[251b.  —..| 28 1b. 
| 





It must be emphasised that Great Britain depends 
for fuel, that is, for heat, light and power, almost 
essentially on coal, and hence the urgent necessity 
of economy in its use. 

Thus we have no lignite of any practical import- 
ance, unlike, for example, Germany, where the use 
of lignite has, during the last few years developed 
to an enormous extent. In 1920 Germany pro- 











duced 111,600,000 tons of lignite out of a total 
production in Europe of 140,700,000 tons, and is 
the first country to make an extensive and scientific 
use of this fuel. The present world’s production 
of lignite is about 143,000,000 tons, that is, say, 
11 per cent. of the coal production, and enormous 
deposits of lignite exist in various parts of the 
world, chiefly United States of America, Canada 
and Australia. 

Great Britain, or rather the United Kingdom, 
possess a fair amount of peat. In Ireland about 
6,000,000 tons to 8,000,000 tons of air-dried peat 
is used per annum, saving in coal about half this 
weight. There is a fairly large reserve of peat in 
Ireland, about 3,000,000 acres of peat bogs contain- 
ing roughly 5,000,000,000 tons of air-dried peat, 
and in the rest of Great Britain there is probably 
nearly as much again. Peat, however, on our 
present knowledge is of little value. Also we have 
no petroleum oil at all, as the recent experimental 
borings have shown conclusively. 

As regards inland water power, now being 
developed to an enormous extent all over the 
world, Great Britain is not well placed. The total 
horse-power of the inland water of the United 
Kingdom is estimated at about 1,000,000 h.p., 


or sufficient for, say, 10 per cent. to 20 per cent. of | 


the power requirements of the whole country. 
This available power is, of course, important, and 
should be developed to the fullest extent so as to 
save as much coal as possible, but it can never be 
a serious competitor to coal in this country. 

There is, of course, the question of the use of the 
tides, and although the Severn estuary scheme, by 
which 500,000 h.p. would be available, has been 
under discussion for some time, the problem of 
harnessing the tides is one for the future. To 
repeat, therefore, Great Britain is dependent 
essentially on coal, and we have the advantage that 
the coalfields are comparatively near to industrial 
centres, so that the cost of carriage is less than in 
most other countries. 

The United Kingdom raises on an average, allow- 
ing for abnormal periods due to wars, strikes, 
exchange troubles, and other disturbances, and 
expressed in round figures, 250,000,000 tons of coal 
per annum, which is disposed of as follows :— 





Percentage 
Tons. of Total Coal 
Raised. 





(A) Exported—25 

(1) Sold to the Colonies and foreign 
countries oe 4 > 

(2) Sold to ocean-going steamers .. 
(3) Sold to foreign countries as coke 
(4) Sold to foreign countries as 
manufactured fuel, briquettes, 


per Cent. 
per cent, 
.| 41,875,000 16°75 
13,750,000 
3,125,000 


1,875,000 
1,875,000 


-' 62,500,000 


(B) Consumed at Home—75 per Cent. 

(6) Steam generation— 

(a) Power purposes... 

(b) Low-pressure purposes 
(7) Domestic .. de ais 
(8) Coke ovens 
(9) Gas works 
(10) Railways és 
(11) General purposes 


&c. aa ae 94 
(5) Sold to coasting steamers 
Total 























Total 





That is to say, there is a continuous drain on 
our coal reserves of 250,000,000 tons per annum, 
and even if we exported no coal at all, the output 
would be 187,500,000 tons. It will be noted that 
of this huge amount 149,500,000 tons, or 79-8 per 
cent., is still used as raw coal, only 38,000,000 tons, 
or 20-2 per cent., being carbonised by the high- 
temperature methods of the gas works and the coke 
ovens. 

As is well known, the coal reserves of the United 
Kingdom have been the subject of numerous 
investigations. Professor Jevons published a famous 
book on the subject in 1865, there was a Royal 
Commission in 1871, and a second in 1905, whilst 
other famous contributors to the subject have been 
Dr. Strahan, the director of the geological survey, 
and Professor H. Stanley Jevons. 

Generally speaking, and allowing for numerous 
complications as to the minimum practical working 
thickness of coal seams and the maximum working 





depth taken as 4,000 ft., the coal reserves of the 
United Kingdom can be estimated as 185,000,000,000 
tons, of which 162,000,000,000 are in England 
and Wales, 23,000,000,000 tons in Scotland and only 
300,000,000 tons in Ireland. If we allow a reason- 
able figure of 15 per cent. for pit wastage in getting 
the coal out, and a reasonable increase in our future 
requirements, there is on present wasteful methods 
only enough coal to last about 550 years. The use 
of low-temperature carbonisation would result in 
such substantial national economies, that this 
period would be extended to 700 to 800 years. 
Great Britain is one of the three great coal-producing 
countries of the world, as the following figures 
show :— 
The World’s Coal Production—Percentage of Total 
Production. 








per t. 

Great Britain on 20-3 

Rest of British Empire 

United States é . 

Germany .. ee ee 

All the rest of the world .. 
Total .. 


4- 
43° 
17: 
14-6 

100-0 











In spite of this our coal reserves, as given below 
are only 2} per cent. of the world, another urgent 
reason for national fuel economy. 
Coal Reserves of the World. 
| 
Pe 
of the Coal 


Reserves of 
the World. 


Ap — 


Country. igures. 





: 
: 


an 
nw 


United States .. "" . 
British Empire other than 
Great Britain op ; 


} tons. 
.|8,777,238,000,000 
-|1,505,096,000,000 
Germany. . 
Great Britain 
— rt fps 
ustria-Hungary 
Japan .. A . +] 7,842,000, 
other countries of the world | 275,127,000,000 
Total .. 


28 
woosonas 





S| CH wawweagea Oo 


3 








. .|7,279,190,000,000 


It is interesting to note that of the total world 
reserves, 52-75 per cent. is bituminous coal, 40-5 
per cent. lignite, and 6-75 per cent. anthracite, 
and on present wasteful methods there is enough 
coal in the world to last about 4,000 years. 

As already stated, Great Britain has no oil, and 
we are practically dependent on foreign countries 
for motor spirit, fuel, and Diesel oil, and lubricating 
oil. As with coal, it is difficult in these abnormal 
times to give true average figures for oil production, 
but the world’s annual output can be taken roughly 
as 600,000,000 barrels (42 gallons), divided as 
follows :— 





| Approximate 
Country. | 
Production. 





United States 
lexico =... Ve 

Russia .. = 

Dutch East Indies 

Roumani ve 

India 

Persia 

Galicia .. 

Rest of world 


Total .. 





100 








That is to say, the United States produces over 
65 per cent. of the oil of the world, and in practice 
controls over 80 per cent., whilst British capital con- 
trols 5 percent. We cannot go on, both for military 
and industrial reasons, being dependent on other 
countries thousands of miles away for such a vital 
necessity as oil. 

We nearly lost the war through lack of oil, and the 
price of petrol, of which we import over 200,000,000 
gallons per annum, is so high that the whole British 
motor industry is badly crippled. The solution 
of the difficulty is low-temperature carbonisation, 
and the production of our own oil by this method 
would mean a national saving of at least 20,000,000/. 
per annum. 





Leaving alone the existing high-temperature 
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carbonisation processes, the gas works, and the coke 
oven, which take 38,000,000 tons of coal per annum, 
and allowing an ample margin for coal used (as gas) 
in heating the retorts and for contingencies, we have 
140,000,000 tons per annum left for low-temperature 
carbonisation. This would give 400,000,000 gallons 
per annum of high-class motor spirit, that is practi- 
cally double our present requirements. Also it 
would give about 2,350,000,000 gallons (59,000,000 
barrels) of coalite oil. It is very difficult to give 
average figures as to what this oil will yield on 
fractionation, and research work is now in progress 
on the point. In the first place, however, at least 
70 per cent. could be used as fuel oil, but this is.a 
wasteful practice and not to be encouraged. 
Certainly 50 per cent. is available as high-class Diesel 
engine oil and a considerable amount of lubricating 
oil will also be obtained, probably 20 per cent., 
along with cresylic acids, and heavy lubricants, 
like vaseline, together with pitch. 

Since low-temperature carbonisation would ensure 
a home supply of over 1,000,000,000 gallons of 
Diesel oi] per annum, we could then develop to the 
fullest extent the economical Diesel engine. As 
is well known, the Diesel engine is a more 
efficient power generator than the condensing 
steam engine or turbine, giving 1 b.h.p. for less than 
0-5 Ib. of oil. The Diesel engine is bound to be 
more efficient because the fuel is burnt right in the 
engine itself. In the condensing steam engine, or 
turbine, the fuel, coal or oil, is burnt first in boilers 
to generate steam, and in this process, on an average, 
at least 30 per cent. of the fuel is wasted. The steam 
is then used to drive the engine or turbine, and about 
60 per cent. of the original heat in the coal is then 
lost in the cooling water of the condenser, so that 
finally about 8 per cent. of the fuel is actually used 
to make power. Thus, under the very best marine 
conditions a Diesel engine takes 0-45 Ib. of oil per 
b.h.p., a steam-driven turbine 1 Ib. of oil per b.h.p. 
or 1-4 lb. of coal, and a steam-driven reciprocating 
set 1-1 Ib. oil or 1-6 Ib. coal. 

The mechanical difficulties in connection with the 
Diesel engine have now been overcome and it is 
in most respects perfectly satisfactory, not only on 
land, but for marine work as well. The condensing 
steamengine and turbine appears doomed as a power 
producer, and low-temperature carbonisation would 
enable us to utilise the Diesel engine with an 
enormous national fuel economy, whilst at the same 
time we should be independent as regards the supply 
of Diesel oil. 

As already stated, we use 90,000,000 tons of raw 
coal per annum for steam generation. I have in 
the past occupied a good deal of space in the columns 
of this paper in connection with the losses caused 
by our present inefficient methods of running steam 
boiler plant. I will say, therefore, simply, that the 
loss in Great Britain is 20,000,000 tons of coal per 
annum, and all this can be saved by adopting 
modern scientific methods. If, at the same time, 
coalite was used instead of raw coal, the saving 
would be still greater, probably 25,000,000 tons, 
since it is much easier to get the best results with 
coalite than with coal. 

As already stated, we burn 35,000,000 tons of coal, 
184 per cent. of the total consumption or 14 per cent. 
of the coal raised, in the open grates peculiar to 
Great Britain. The open grate itself, apart from 
the fuel used, is a shockingly inefficient appliance, 
although it gives the advantage of extremely good 
ventilation. We shall, however, have to continue 
with it chiefly because it is already installed in 
about 8,000,000 different establishments (corre- 
sponding to, say, 10,000,000 fires in continuous 
daily operation) and the cost and trouble of re- 
placing these it would be impossible to face. 

The efficiency of the household fires, with various 
fuels, has been fairly well studied, chiefly by Pro- 
fessor Vivian B. Lewes, Professor Smith, and 
Dr. Margaret Fishenden. As a result we know 
that the radiant efficiency of the household fire 
using raw coal is only about 20 per cent. to 22 per 
cent. Coalite and coke, however, chiefly because 
of the lesser amount of volatile matter, burn with 
much more radiant heat. Thus an average coke 
fire has a radiant heat efficiency of, say, 30 per cent., 
whilst that of a coalite fire is about 35 percent. Why 
coalite is more efficient than average coke is not 





clear, but it has something to do with the porous 
and mechanical condition of coalite, which aids 
surface combustion. As coal, it is a con- 
servative estimate to take 1 ton of coalite as being 
equal in heating value to 1} tons of average coal, 
and the use of coalite instead of coal will, mean a 
saving of about 15,000,000 tons of coal per annum. 
Coalite is claimed to be an ideal household fuel, being 
clean and burning smokelessly, with a very hot 
and cheerful fire, entirely free from smell, and 
lighting practically as readily as coal. 

The universal carbonisation of our coal by low- 
temperature methods, would result in all black 
smoke being wiped out once and for all, with an 
important consequent saving. 

Black smoke has always been an attendant curse 
of the use of raw coal, and inventors have struggled 
for centuries with the problem of its abolition. 
In Great Britain the first patent in this connection 
was that of James Watt in 1785, followed by the 
Robertons in 1809, and the invention of the mechani- 
eal stoker. The coking stoker by William Brunton 
in 1819, and the sprinkling stoker by John Stanley 
in 1822, were due to the endeavour to prevent black 
smoke by feeding the coal regularly, and in small 
quantities at a time. 

Black smoke is caused by the volatile matter 
of the coal, present to the extent in averages of about 
25 per cent. to 35 per cent., escaping from the fire 
before it has the time to be burnt, and consists of 
dark-coloured, complicated, and greasy organic 
compounds, from the volatile matter of the coal, 
mixed with free carbon. In general, for coal of the 
same sized particles, the higher the percentage 
of volatile matter, the more smoky is the coal. 

If the fuel contains less than about 12 per cent. 
of volatile matter, it is completely smokeless, because 
in such a case this reduced amount has time to be 
burnt completely. Thus anthracite, or smokeless 
coal, with 3 per cent. to 4 per cent. of volatile 
matter, coke with less than 1 per cent., and coalite 
with 9 per cent. to 10 per cent. are completely 
smokeless. Coalite also, because of the remaining 
volatile matter, ignites easily, and can replace coal 
for practically every purpose, and is not like coke, 
which has a much more restricted use. The process 
of low-temperature carbonisation therefore means 
automatically the abolition of black smoke, because 
no matter how carelessly or inefficiently coalite may 
be burnt, there is not enough volatile matter left 
to make any smoke. 

It is a most conservative figure to base the damage 
done by black smoke as 1/. per head per annum. 
Many investigators have studied this question in 
great detail, such as the Hon. Rolls Russell, the 
authorities at Pittsburg, U.S.A., and the Manchester 
Corporation. One of the worst evils of black smoke 
is the formation of fogs, and this means the loss of 
hundreds of pounds in extra lighting and dislocation 
of traffic, to say nothing of scores of cases of illness, 
such as colds and sore throats. The great fog of 
London in 1880 caused 3,000 deaths and 30,000 
cases of illness above the average. Black smoke, in 
general, increases greatly the death rate due to 
pulmonary diseases and intercepts at least 10 per 
cent. of the actinic rays of the sun, which are a 
powerful antiseptic, thus increasing the mortality 
due to various infectious diseases. 

A large part of the monetary loss is due to the 
extra washing necessary of clothes. The Corpora- 
tion of Manchester studied this point with great 
care and proved that out of 750,000/. a year damage 
caused by black smoke to the City of Manchester, 
250,000/. went in extra washing, about 7d. per week 
extra per household. We also have many other 
items, such as the damage to the outsides of public 
buildings, to pictures, curtains and the like, to the 
greatly increased amount of painting required, 
to soot and dirt in chimneys and the fires caused 
in this way, and above all, the lowering in vitality 
and the predisposition to disease of everyone who 
lives in a smoky atmosphere. 

The enormously increased yield of sulphate of 
ammonia possible with low-temperature carbonisa- 
tion would mean that we could grow a large propor- 
tion of our own food. The soil of Great Britain is 
probably the most fertile in Europe, and we make the 
terrible mistake of not cultivating it. In 1913 we 
imported 200,000,0001. worth of food-stuffs, and on 





an average we grow about one-third of the food we 
eat. Between 1870 and 1913 over 3,000,000 acres of 
British soil were allowed to go out of cultivation 
for grain foods alone, and in spite of the panic during 
the war, which again we nearly lost for lack of food, 
we have to-day 2,000,000 acres of soil less in culti- 
vation than we had fifty years ago. 

The principle of not growing our own food is 
absolutely wrong from every point of view— 
sentimental, scientific, business and patriotic— 
and it is absolutely crazy to go on for ever paying 
200,000,000/. a year for food whilst we have several 
million men and women out of work, and millions” 
of acres of fertile soil uncultivated. One of the 
chief necessities for the proper cultivation of the soil 
is fixed nitrogen, as Sir William Crookes pointed out 
in his famous book. Our present production of 
sulphate of ammonia is only about 300,000 tons 
per annum, although Germany, with a smaller coal 
output, produces 500,000 tons, while we are largely 
dependent on Chilian nitrate. Also, in general, 
our agriculture is far from being what it should be, 
and we do not use anything like a proper proportion 
of artificial manures. 

Many countries, especially the United States, 
Germany, Norway, and Switzerland, are developing 
as fast as possible the fixation of nitrogen from the 
air by electrical processes, using cheap current from 
water power. In Great Britain the solution is 
low-temperature carbonisation, and 140,000,000 
tons of coal per annum would yield about 1,250,000 
tons per annum of sulphate of ammonia. 





RECENT MACHINE TOOL DEVELOP- 
MENTS.—No. XXIV. 


By JosEPH Horner. 


Tue illustrations on pages 127 and 128, and on 
Plate V, are those of a high-speed “ centralised 
control ”’ sensitive and radial drilling machine, by 
Messrs. James Archdale and Co., Limited, of Bir- 
mingham. Its leading dimensions are as follows :— 

It is of 3-ft. 6-in. maximum radius, and may be 
extended to 4 ft. It is driven by a belt at a con- 
stant speed of 500 r.p.m., or by electric motor, the 
speed changes, nine in number, being effected with 
sliding gears. It has four rates of feed, also through 
gears. For sensitive drilling, the feed is put on 
with a hand lever. The arm can be elevated on the 
column through a length of 2 ft. 5 in., giving a 
maximum distance from the spindle to the table 
of 2 ft. 9 in., and of 4 ft. 6 in., to the base plate. 
The spindle saddle is supported on rollers. The 
spindle runs in a sleeve, with ball thrusts. It can 
be instantly reversed at twice the forward speed 
by the movement of a lever. It is counterbalanced. 
Centralised control signifies that nearly all the 
operating levers are located on the saddle where the 
attendant is stationed. In two cases, a single lever 
performs two distinct functions. With one, both 
the radial sleeve that surrounds the column and the 
saddle are locked. With another, the arm is 
elevated and clamped. The constant speed drive 
is transmitted through mitres to a vertical shaft 
within the column, to a gear-box at its head, whence 
a vertical shaft transmits motion to reversing bevels 
in a box bolted on the radial arm, which are operated 
from a horizontal lever on the spindle saddle through 
a horizontal shaft at the rear of the arm. The 
saddle contains the nests of gears for speeding 
and feeding, actuated by levers. ; 

We commence the details with the general outline 
in Fig. 457, on Plate V. The slotted base plate 
receives the column bolted down to it, having an 
encircling slewing sleeve shown in Fig. 460. The 
sleeve is provided with roller journal bearings at 
each end, and is supported on a ball thrust bearing 
above. A gear-box is bolted above the sleeve, as 
shown in Fig. 457. It is fitted with sets of gears 
for elevating the arm, and for transmission to the 
spindle saddle through the inner of the two 
horizontal shafts at the rear of and above the arm. 

Figs. 461 to 464 illustrate the radial arm. Its 
elliptical box section is to be noticed (best shown 
in Fig. 458), being well designed to resist torsional 
deflection. The spindlle saddle fits on a square 
guiding edge above, and is locked on the lower 
edge. The boss of the arm is bored to fit over 
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the column sleeve, and is locked at any height, 
the method being described later. 

The driving pulley bracket at the foot of the 
column is shown by Figs. 465 to 467. The loose 
pulley runs on radial ball bearings, the fast pulley, 
making 500 r.p.m., is keyed to a shaft at the opposite 
end of which is carried a 22-toothed mitre, driving 
the mitre on the vertical shaft through which all 
motions are transmitted to the machine. The 


pulley shaft runs in a long central bearing with ring 
The gears are enclosed. The foot of the 


oilers. 
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bracket is bolted to the bedplate. The belt fork is 
seen in Figs. 466 and 467, and the lever by which 
it is slid along—compare with Fig. 457. Other 
details are apparent from the drawing. 

Fig. 468 shows the gears for elevating the radial 
arm, and for transmission to the spindle saddle. 
The vertical shaft A is that which comes up through 
the centre of the column, driven by the mitres which 
are shown in Fig. 465. The gear at the-top of 
the central shaft A meshes with a gear on the short 
intermediate shaft B, at the bottom end of which 
a pinion is keyed. The drive to the spindle is trans- 
mitted to the outside vertical shaft C, by means of 
the top gear, and that to the elevating screw D 
by both the top and bottom gears, an intermediate 












pinion acting between the latter and the screw gear. 
A friction clutch is incorporated with each of the 
screw gears, each being operated by the slider and 
vertical rod E. The arm is lowered by operating 
the top clutch, the bottom one elevates the arm at 
a slower rate. The whole arrangement is totally 
enclosed. A lubricator, shown in Fig. 469, above the 
casing, has tubes going to the various shafts. 

In order to prevent the elevating gear from 
being operated while the arm clamping bolts are 
locked, a patent interlocking lever is provided 

















as illustrated in Figs. 474 and 475. 
unlocked by a movement of the lever towards the 
operator, and the arm is then elevated, or lowered 
by an upward or downward movement respectively, 


The bolts are 


of the same lever. It is- impossible to move the 
lever vertically until it has been swung forward. 
The nine spindle speeds are obtained with the 
change gears in the box shown by Figs. 470 and 471. 
Gears are keyed on the central shaft, but those on 
the upper and lower shafts are slid into engagement 
by means of forks that embrace the flanks of the 
largest gear in each nest of three. The forks are 
shown in dotted outlines in their relations to the 
gears in Fig. 471, and in detail in Fig. 472. Each 
fork is operated by its lever F, shown in Fig. 457, 





working round the dial in front of the box. As 
each sliding gear has three working positions inde- 
pendently of the other, nine rates of speed are 
available. They range from 62 r.p.m. to 760 r.p.m. 
The box is tongued to, and bolted to, the back of 
the saddle, as shown in Fig. 471. 

The lever N, Figs. 457, 473 and 474, is the starting 
lever, which also operates reverse clutches. It 
turns, through a portion of a circle, a shaft, Fig. 476, 
having at its upper end a mitre wheel with teeth 
cut half-way round, meshing with its fellow, O, on 
a horizontal shaft P (the outer shaft in Fig. 457) 
going to the reverse box, Figs. 477 and 478. The 
box receives the vertical splined shaft C, from the 
box containing the elevating gears, Fig. 468, which 
shaft actuates the inner of the two shafts that come 
horizontally from the reverse box. The mechanism 
in the box, actuated as stated by the lever N, at the 
right of the saddle where the attendant stands, 
reverses at twice the forward speed, which is of 
value when tapping is being done. A long sleeve 
splined to the vertical shaft carries a clutch slider 
which puts in either the expanding ring clutch to 
drive the bottom pair of mitres of 44 teeth for 
drilling, or the bevels above of 43 and 20 teeth for 
reversal. The horizontal lever N, on the saddle 
operates this slider through the shaft P, and a 
pinion and rack seen in Figs. 477, 478. A spring 
pin shown, locates the rack in each position. When 
the bottom clutch is engaged, the main driving 
shaft alongside the arm is rotated at the same 
speed as the vertical gear-speeded shaft for drilling 
rates. On the reverse, the drive from the upper 
bevels goes through spur gears of 34 and 36 teeth to 
the shaft. This is one element in the centralised 
control. 

Another aspect of this control concerns the 
patent arrangement for simultaneously locking 
the arm sleeve, and the saddle by means of one lever 
on the saddle, the lever Q in Fig. 457. The trans- 
mission is then effected in the lock bracket, Figs. 
480 to 482 bolted below the saddle casting. The lever 
pinion R is carried in a boss which is free to slide 
endwise upon the two racks. One rack operates 
the long longitudinal shaft 8, Fig. 457, for locking 
the arm sleeve, and the other rotates the vertical 
screw T for locking the saddle to the arm. The 
pinion, being free endwise, thus moves both racks 
against each other, and should one of them come 
to rest (the locking being done) the other can still 
be moved until its lock is fully effectiy The sec- 
tional view Fig. 477, will render the connections 
clear. 

The four spindle speeds are changed through the 
gears shown in Figs. 483 and 484 annexed. They are 
derived from a shaft (supported on ball thrust bear- 
ings) which carries a worm always meshing with its 
wheel. The latter is put into action by the expand- 
ing ring clutch seen within its rim, and shown in 
face view in Fig. 485. It is put in by the plunger, 
Fig. 483, thrust along with a small circular rack G, 
and pinion—compare with Fig. 484—turned by 
hand with the lever H, Figs. 484 and 457. The 
connection to the spindle is outlined in the small 
drawing, Fig. 486. The solid cluster gear is moved 
into its positions by means of a roller J, on the 
lever, Figs. 483 and 486, which engages between the 
24 and 29-toothed feed gears. 

The spring lever K, Fig. 484, engages ratchet 
teeth on a sleeve with the 22-toothed pinion— 
compare with Fig. 483—for feeding by hand. It 
is latched clear when in the top position. The 
hand wheel L—compare with Fig. 457—gives the 
fine hand feed through the worm gear. 

The drawings, Figs. 473 and 474 and 487 and 
488, will help to elucidate these and other details, 
Fig. 487 shows the feed change lever M, and roller J 
which it actuates, and Fig. 488 the box that is 
bolted on front of the saddle. Figs. 473 and 474, 
Plate V, show the entire saddle assembled with its 
various levers, &c., lettered as in the other drawings. 

To clamp the column, the rack, Fig, 482, is in 
mesh with a quadrant gear, Fig. 480, keyed to the 
shaft S running longitudinally below and at the 
rear of the arm—compare with Fig. 457. At the 
column end a pair of mitres transmits the motion 
to a vertical shaft E, Fig. 457, having an eccentric 
at its bottom end, which, on the turning of the 
shaft—see the details, Figs. 489 and 490—draws 
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together the two portions of a part of the bottom|connecting the main drive with the elevating 
of the sleeve, split there, to grip the bottom of the | screw. 


column. 


The spindle is shown by Figs. 473 to 475 and 


The arm is elevated and locked by means of a | 493 to 495. It runs in a sleeve with hardened steel 
single lever U, Fig. 457, and in detail, Figs. 491 and | ball thrusts. It is counterbalanced, with mechanism 
492, subjoined, where it is shown in the elevating | enclosed within the head, Figs. 473 and 474. The 
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position. It is pivoted in a bracket keyed to the 
vertical shaft E—compare with Fig. 468 and 457. 
The lugs cast with the base, Fig. 491, confine the 
movement of the lever to one direction, that to the 
right horizontally, until in the position shown in 
Fig. 491. This imparts a partial rotation to the 
vertical shaft E, which releases the eccentric lock 
in the arm clamp V, Fig. 457, and permits of 
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strong coiled springs are compressed as the spindle 
is lowered, and released as it rises. In order that 
they may at all times exert an equal pull on the 
spindle, irrespective of the degree of compression, 
a duplex cam arrangement is included, which affords 
an increasing or lessening leverage to the springs, 
the result being an equal pull in all positions of 
the spindle. 


In Fig. 483, the lever is shown for throwing the 
spindle feed gears into and out of action. The 
detail of the lever is shown in the upper part of the 
figure, and the operating lever at W. 

The box table is shown by Figs. 496 to 499. 
Tt is supported on legs that rest on the base plate, 
is hinged to the frame to swing clear of the base, 
and can be arranged to swing round its horizontal 
axis for angular drilling. A waste lubricant trough 
occupies each end. 





THE PROPORTIONING OF STEAM 
TURBINE BLADING. 


By Harotp Mepway Martin, Wh.Sc., A.C.G.I. 
(Concluded from page 98.) 


IMPULSE turbines can be proportioned very much 
on the same lines as already described, but the 
maximum efficiency possible is substantially lower. 
A comparison with test results gives the curve 
reproduced in Fig. 13, which shows how the hydraulic 


efficiency varies with different values of + 


Trustworthy test data are even more scanty 
than in the case of reaction turbines. The trials 
of the 30,000-kw. turbine built by the General 
Electric Company for the Interborough Rapid 
Transit Company, New York, and described by 
Mr. H. B. Reynolds in the July issue of the Journal 
of the American Society of Mechanical Engineers, 
appear, however, to have been made with very 


Fig, 13. 
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great care, and the particulars given are excep- 
tionally complete. The overload valve opened at 
loads above some 24.000 kw., so to deduce the 
efficiency we shall take the mean of the eight runs 
at loads of from 22,000 kw. to 24,000 kw., numbered 
12, 35, 23, 13 and 22 in Mr. Reynold’s paper. 

The mean conditions were as follows: 

Stop valve pressure, 229°6 lb. per sq. in. (gauge). 

Stop valve temperature, 525°4 deg. F. 

Pressure at first row of guide blades, 203-4 lb. per 

sq. in. (gauge). 

Vacuum, 28 -98 inches. 

Mean steam rate, 11-25 lb. per kw. hour at the switch 

board. 

From very careful tests of a 35,000-kw. General 
Electric Company generator described in Science 
Abstracts, for July, 1916, we may take it that at the 
output with which we are here concerned the 
generator efficiency was 94-6 per cent. 

From Mr. Eskill Bergs’ paper, published in the 
Journal of the American Institute of Electrical 
Engineers, November, 1919, it appears that the 
“parasitic” losses in the turbine (exclusive of 
“throwaway” to the condenser) will be about 
2 per cent. at the mean output of 23,300 kw.; so 
that the steam rate per indicated kilowatt-hour 
will be 11-25 x 0-946 x 0-98 = 10-43 lb. 

Taking the steam conditions at the first row 
of guide blades we find by the methods already 
explained on page 2 ante that the steam rate at 
different hydraulic efficiencies would be as follows :— 





Steam rate, Ib. per i.kw.- 
hour - os 


os 9-142 10-50 12-15 
Hydraulic efficiency. . os 0-9524 0-7965 0-6612 
py mr | thermodyna- 
mic da, F.P.C. .. --| 217-62 226-68 236-00 





By plotting down these figures we find that a 





steam rate of 10-43 Ib. per kilowatt-hour corresponds 
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to an hydraulic efficiency of 0-8025. and the corre- 
sponding thermodynamic head is 226-15 F.P.C. 
If we assume, as is probable, that this turbine 
was proportioned on the same lines as the large 
turbine described in Mr. Eskill Bergs’ paper (loc. 
cit. supra) we can, from the data there given, 
estimate the value of K for the Interborough 
turbine. The value thus found is K = 230,000, 


K _ 230,000 _ 
so that 5 i 296-15 = 1,017. 
This value is situated close to the apex of the 


efficiency curve, and the efficiency obtained is 


o—| Ftg./5. ALIGNMENT CHART FOR Y-1-0352+0-04 io- 





to sacrifice some efficiency in order to secure greater 
safety in running, since the larger the pressure drop 
at the first stage the lower the maximum steam 
pressure and temperature in the turbine proper. 
Although the intrinsic efficiency of the reaction 
machine is very materially higher than that of 
the impulse machine the latter has the advantage 
that it can be operated with partial admission, 
and thus high pressures and superheats can be 
confined to a mere nozzle box, which, as made by 
the Metropolitan Vickers Company, Limited, is 





free to distort without affecting the turbine proper. 

















(0:089+0-047 fp). | —7-03 
i Us-Yius: WHERE Us DENOTES THE TRUE EFFECTIVE A | 
_ THERMODYNAMIC HEAD IN AN EXPANSION BELOW F | 
a THE SATURATION LINE, AND Ws IS THE ADIABATIC 17-02 
- HEAT DROP FOR THE SAME EXPANSION IF EFFECTED B | 
a IN THERMAL EQUILIBRIUM. e | 
fe 41-01 
: 
- | 
1 aN | 
100— -  s 1-00 
4 y 
4 wo 
4 ™ ° Seed 
a +} 
3s / 
7 ‘eo 40-98 & 
oe om | 1a 
\" 200 —| 0.97 
4 we 
8 oN EI 4 
rn 4 S. Si loos * 
S 4 ; ; 
€ et 
& aa D>. 
4 b—10- 
5 4 3 f7 98. 
& 4 a, 
4 - Ns] od “A 
of A 
300 — f-0- 94 
} A 
: i _lo.93 » 
— # 
o 5 Ny 
1 E-0-92 2 4 \ 
4 a o 
1 4 10-91 
400—\7134.0) > 
TABLE XI.—Apiasatic Heat Drop (Ls, Cent. Heat Unrrs) ror Steam ExpanDING FROM 
THE SATURATION Line TO DirrERENT VAcUA. 
Absolute Saturation Pressures (Lb. per Sq. In.). 
Vacuum, 
In. of Hg. 
10 20 30 40 50 60 70 30 90 100 
29-0 101-43 125-43 139-64 149-74 157-54 163-91 169-35 174-02 178-13 181-85 
28-9 98-78 122-85 137-14 147-26 155-08 161-47 166-93 171-+58 175-74 179-47 
28-8 96-29 | 120-43 | 134-78 | 144-92 | 152-76 | 159-18 | 164-66 | 169-30 | 173-49 | 177-23 
28-7 93-93 | 118-15 | 132-55 | 143-72 | 150-58 | 157-02 | 162-52 | 167-16 | 171-38 | 175-12 
28-6 91-71 116-01 130-45 140-66 148-54 154-99 160-51 165-16 169-39 173°14 
28-5 89-63 | 113-99 | 128-47 | 138-71 146-60 | 153-09 | 158-62 | 163-28 | 167-52 | 171-28 
28-4 87-69 | 112-11 | 126-62 | 136-89 | 144-81 | 151-31 | 156-86 | 161-55 | 165-78 | 169-55 
28-3 85-84 | 110-33 | 124-86 | 135-17 143-10 149-62 | 155-18 | 159-90 | 164-13 167-90 
28-2 84-09 108-46 123-19 133-53 141-48 148-02 153-59 158-33 162-56 166-34 
28-1 82-42 | 107-03 | 121-60 | 131-97 | 139-94 146-49 | 152-07 | 156-83 | 161-06 | 164-85 
28-0 80-83 | 105-49 | 120-09 | 130-48 | 138-48 | 145-04 | 150-63 | 155-41 159-64 | 163-44 
27-9 79-33 | 104-04 | 118-67 | 129-08 | 187-10 | 143-67 | 149-27 | 154-07 | 158-30 | 162-11 
27-8 77-90 | 102-65 | 117-30 | 127-74 | 185-77 | 142:36 | 147-96 | 152-78 | 157-01 | 160-83 
27-7 76-51 | 101-32 | 115-99 | 126-44 | 134-50 | 141-09 | 146-71 | 151-53 | 155-77 | 159-60 
27-6 75-18 | 100-03 | 114-72 | 125-20 | 183-27 | 139-87 | 145-50 | 150-33 | 154-58 | 158-42 
27-5 73-90 98-79 113-51 124-00 132-08 138-70 144-33 149-17 153-43 157-28 
27-4 72-68 97-61 | 112-35 | 122-86 | 130-95 | 137-58 | 143-25 | 148-06 | 152-33 | 156-19 
27-3 71-49 -46 | 111-23 | 121-75 | 120-85 | 136-49 | 142-14 | 146-98 | 151-27 | 155-18 
27-2 70-33 95°35 | 110-13 | 120-67 | 128-78 | 185-43 | 141-09 | 145-93 | 150-23 | 1654-11 
27-1 69-21 94-26 | 109-07 | 119-62 | 127-74 | 134-41 | 140-07 | 144-92 | 149-23 | 158-11 
27-0 68-12 93-20 | 108-04 | 118-60 | 126-74 | 133-41 | 139-08 | 143-94 | 148-25 | 152-14 
26-9 67-08 92-21 | 107-05 | 117-62 | 125-77 | 132-46 | 188-13 | 142-99 | 147-81 | 151-20 
26-8 66-06 91-22 | 106-08 | 116-66 | 124-83 | 131-51 | 137-20 | 142-07 | 146-39 | 150-29 
26-7 65-06 90-25 | 105-13 | 115-73 | 123-91 | 130-59 | 186-29 | 141-18 | 145-50 | 149-40 
26-6 -08 89-30 | 104-20 | 114-82 | 123-01 | 129-70 | 185-41 | 140-30 | 144-63 | 148-53 
26-5 63-11 88-36 | 103-29 | 113-92 | 122-12 | 128-83 | 134-54 | 189-45 | 148-77 | 147-67 
26-4 62-20 87-47 | 102-42 | 113-06 | 121-27 | 127-98 | 133-70 | 138-62 | 142-95 | 146-85 
26-3 61-30 86-61 | 101-57 | 112-22 | 120-44 | 127-15 | 132-89 | 137-82 | 142-14 | 146-05 
26-2 60-43 85-77 | 100-74 | 111-41 | 119-63 | 126-35 | 182-10 | 137-03 | 141-36 | 145-27 
26-1 59-57 84-94 99°93 | 110-61 18-84 | 125-58 | 131-33 | 136-26 | 140-60 | 144-51 
26-0 58-73 84-13 99-14 | 109-84 | 118-07 | 124-83 | 130-57 | 135-50 | 139-86 | 143-77 



































probably about the maximum practically possible 
with a pure impulse turbine, though it might 
temporarily be slightly bettered by using highly 
polished guide blades and buckets, but with such 
materials as have hitherto been used this polish 
would soon disappear in service. Tests made with 
polished blades are “ freak ” tests, but there is some 
reason for suspecting that they are not unknown on 
the Continent, where efficiencies for a particular 
pattern of impulse turbine have been claimed, 
which are higher than have ever been recorded 
with the same turbine in this country. Of course, 
an improved indicated efficiency need not necessarily 
imply an improved brake efficiency, though it 
generally seems to do so, and it may also be desirable 


of a 5,000 kw. turbine running at 750 r.p.m., as 
given in Mr. K. Baumann’s paper read before the 


January 13, 1911, page 40, and from the drawings 
there reproduced the value of K has been deter- 
mined. A careful calculation of the various losses 
gave 0-952 as the ratio of brake kilowatts to 
‘indicated ’’ kilowatts. The point E refers to an 
impulse turbine of another make and of much later 
date. It is of 15,000 kw. capacity, and runs at 
1,000 r.p.m. Its designers claim that high steam 
speeds give increased efficiency, but it will be 





seen that relatively speaking this machine is not 


The point D in Fig. 13 represents the test results 


Institution of Electrical Engineers in 1912. This 
turbine was illustrated in detail in our issue of 


one whit superior to that represented by the 
point D. 

In the case of an impulse turbine the practical 
turbine is not materially different from the corre- 
sponding ideal turbine. The values of log p as 
given in Table IV, page 33 ante, must be under- 
stood as corresponding to the pressure of the steam 
after discharge from a preceding set of guide blades, 
real or imaginary. The specific volumes of the 
steam as given in the same table, represent, 
however, not the specific volume of the steam as 
discharged from a preceding set of guide blades, 
but this volume as augmented by the heat equiva- 
lent of the energy wasted in friction at the stage 
under consideration. 

All stages of the idea! turbine being similar the 
thermodynamic head, effective in producing flow 
through the guide blades, is the same for all stages, 
but with a small number of pressure stages this 
head is somewhat less than the apparent thermo- 
dynamic head found by dividing U as given in 
Tables IV and V by the total number of stages. 

The velocity of discharge from the guide blades 
of an impulse stage is commonly taken as given 
by the relation 

v = 0-95 x 300-2 a/u. 


where uw denotes the adiabatic heat drop at the 
stage. 
The weight W, discharged in pounds per second 
per square foot of the area through the guide 
blades, is taken to be 
v 

Ve 
Where V¢ denotes the volume of the steam after 
an adiabatic expansion from the higher to the lower 
pressure. In practice it is convenient to use not 
u the adiabatic heat drop and Vg _ the corresponding 
specific volume, but values of U and V such as have 
been tabulated in Tables IV and V ante. and to 
correct the formula for W given above by a suitable 
correction factor x, which for the ordinary range of 
expansion in impulse turbine nozzles may be taken 
as given by the relation 


X = 1 +0-13(1 — 9) (V2 -1) 


Where x denotes the ratio of the pressure in front 
of the guide blades to that behind them, and 
is the hydraulic efficiency. The formula is a mere 
interpolation formula, and should not be used for 
pressure ratios exceeding the critical, nor for values 
of 7 less than 0-6. 

If a be the effective guide blade angle* the area 
available for flow is 

Q = ™Adsina. 
144 


So that the total weight discharged per second 





is 
WQ=w= Pha x x 285-2 /> 
Vv 
_ 5+845 hdsina vT 
ey aS *@ 


where vy denotes the number of stages in the ideal 
turbine. For an impulse turbine we have: 


Ke=y (6) ART ; @ 


100 
As before, assuming any hydraulic efficiency we 
can determine the total effective thermodynamic 


head U, and we then obtain the value of + from 


Fig. 13, and from this deduce K as already explained, 
vy is then obtained from equation (H) and will be 
half as much as for a reaction turbine. 

From equation (I) we get the value of h corre- 
sponding to “‘ complete admission,” and by plotting 
h against v as previously explained we can find the 
blade heights for integral values of y or in other 
words for a practical impulse turbine. 

In practice some of the stages will have to operate 
with partial admission, and the blade height as 
taken from the curve must for these stages be 
increased in the ratio of the whole circumference 
to the “ active arc.” 

It will be seen from the foregoing that the pro- 





* Some designers take a as the geometric angle and 
multiply the area corresponding to this angle by a 
thickness factor. 
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portioning of the blading of an impulse turbine is 
much simpler than the corresponding problem 
for a reaction turbine. 





APPENDIX I. 

The coefficient y which multiplied by u, gives 
the effective thermodynamic head for an expansion 
from the saturation line to a lower pressure has 
been defined by the empirical equation 


- 1-0352 + 0-04 *_ — nf 0-089 + 0-047 isa)” 
¥ ge 100 n/ 100 


The value of / can be most readily obtained 
from an alignment chart such as is reproduced in 
Fig. 15, page 129. Such charts are best used with 
a strip of transparent celluloid on which a straight 
line has been scribed on the under side. If this line 
be laid across the chart so as to cut the scales for x 
and » at given points, it will cut the scale for y 
at the required value. 

In Table XI, page 129, will be found values of u, for 
expansions down to different vacua. Using this 
table in conjunction with the alignment chart values 
of U, can be determined very rapidly. 

In ordinary co-ordinate geometry we define a 
point by its distance from two lines constituting 





the axes. The junction of two points x, y, and 2, y; 
gives us the straight line 
¥=%———- +n——*. : 
Xg— 2 ® —2g 


As «x is varied y varies correspondingly, but the 
point defined by the two co-ordinates always lies 
in the above line, merely moving along it as the 
variables change. 

There is, however, another type of geometry, 
in which the co-ordinates x and y define a line 
instead of a point, and it is on this geometry that 
alignment charts are based. In it the equation 
y =a -+ bz is the equation of a point and not of a 
line. In this geometry of “two points intercept 
co-ordinates,”* the axes are two parallel lines 
such as O X and O, Y, Fig. 14. The co-ordinate x 
is set off from O along O X and the co-ordinate y 
along O, Y from O, and the straight line through 
these points is known as the line xy. The origins 
O and O, may be taken anywhere in the respective 
axes. If we have two lines 2, y, and 2, y,, thus 
defined, then the equation 

@— 2 


= {- 
¥= Vo So = % "1 


@ — 2% 
2 — % 





represents zg, their point of intersection, and as x 
is varied in this equation we get a series of lines, 
all of which pass through the point zo, turning round 
this point as the variables change. 

Suppose we have three inter-related quantities, 
y, x and z. Then if we can put this relation into 
the form 


Y=A+BX+CZ+DXZ (J) 


where A, B, C and D are constants, whilst Y denotes 
some function of y only, X some function of x only, 
and Z some function of z only, we can always repre- 
sent by an alignment chart the relationship between 
the three variables x, y and z. 

Thus if we fix any value of z, say z,, the equa- 
tion (J) becomes the equation of a point in “ two 
point intercept co-ordinates,” and we may mark 
this point z>. Then all values of x and y satisfying 
the equation 


Y=A+BX+CZ+DXzZ, 


will correspond to straight lines passing through this 
point; and setting off any value of x along the 
axis O X, a straight line drawn through zz, will 
pass through the corresponding value of y on the 
axis O, Y. 

If we fix another value of z, say z,, equation (J) 
will in “two point intercept co-ordinates ” be the 
equation to a new point, which may be called z,, 
and as before all lines cutting off on the axes corre- 
sponding values of xz and y will pass through this 
point. Proceeding in this way a complete align- 
ment chart can be drawn. 

It will be obvious from the foregoing that an 
alignment chart can be used to represent an even 





* See Carr’s Synopsis of Mathematics, page 564. 





more general equation than (J). Thus, the 


equation 
Y.wi(Z) =A + BX. + Cye(z) + DX. ¥3 () 


can still be represented by an alignment chart, as 
on fixing any value of z we get as before an equation 
for a point in “ two point intercept co-ordinates.” 


APPENDIX IL. 


In the foregoing series of articles the effective 
thermodynamic head U has been calculated on the 
assumption that the turbine comprised an infinite 
number of stages; whereas this number is always 
finite. The error involved in the assumption 
referred to will be a maximum in the case of an ideal 
impulse turbine in which the nozzles are frictionless, 
and the waste of energy occurs solely in the moving 
blades. In this case let H,, H,, H,, &c., represent 
the total heat in the steam as it enters the nozzles 
of each successive stage. 

Then 
(1) 
(2) 
(3) 

Here » denotes the hydraulic efficiency, whilst 
u, represents the adiabatic heat-drop through the 
nozzles of the first stage, u, that at the second stage, 
and so on. As our purpose is merely to compare 
the effective thermodynamic head in this type of 
ideal turbine, with that of an ideal turbine in which 
the number of stages is infinite, we may confine 
ourselves to the case in which the steam remains 
superheated or supersaturated throughout the whole 
of the expansion. An additional reason for adopt- 
ing this limitation is that it will exaggerate the 
discrepancy between the effective thermodynamic 
head for a finite number of stages, and for an 
infinite number, since this discrepancy will be 
smaller the smaller the value of the adiabatic index. 
Hence the discrepancy computed on this basis will 
be larger than actually occurs. For a similar 
reason, we shall assume that no dissipation of 
energy occurs in the nozzles. Such proportion of 
the total loss as may occur in the nozzles will 
reduce the discrepancy between the thermodynamic 
head for a finite and for an infinite number of 
stages. 

Callendar has given an approximate expression 
for the adiabatic heat-drop of superheated or 
supersaturated steam, which may be written in 


Hi = Ho — 7% 
Hz = Hi — nu 
H; = He — 9 uz 


the form : L 
wet [1- 
Similarly 
uu, = (Hy — 464) [ i (@)3] 
and so on. 


Pr 

0 
is commonly less than the critical value, at any 
rate for such turbines as constitute the main units 
at power stations or on shipboard. Hence in 
practice the error made in assuming an infinite 
number of stages will be less than if, in each of the 
above expressions for u, the pressure ratio is taken at 
its critical value of 0-5457. In that case we have: 


( -) -E-Er* 


= 0°1304. 


In simple impulse turbine practice the ratio 


Equations (1), (2), (3), &c., thus reduce to 


(4) 


Hy = Ho — 0°1304 7 (Ho — 464) : - - 
- (5) 


He = H,; — 0°1304 » (H; — 464) . 
x= Hy.1 — 0°1304 » (Hx.1 — 464) 


Equation (4) gives us 


H; — Ho = — 0-1304 » (Ho — 464) (7) 
Similarly we get 
H2 — H; = — *0°1304 » (H, — 464) . (8) 
Hy — Hy_; = — 0°1304 7 (Hy, — 464) 


Adopting the notation of the calculus of finite 





differences, we have 


H, — Ho = A Ho 

H. — H,; = AH; 

Hz; — Hz = A Hp and so on. 
Also 

A? Hp = AH; — AHo 
and 

A? H; = A He — AH) 
whilst 


A5 Hp = 42 Hi — A? Ho 


Applying this notation to equations (7), (8), &c., 
we get 

A Ho = — 0°1304 7» (Hp — 464) 

A? Ho = — (0°1304 7) A Ho 

A} Ho = + (0°1304 y)? A Ho 
and so on. 
But by an elementary theorem in the calculus of 
finite differences 


Hy = Hp + NA Ho + NK) at Ho 


N(N~ WIN = 2) 43 Ho + &e. 
1-2-3 


+ 
Substituting the values above found for the 
successive differences we get 


Hy = Ho— (Ho — 464) ( 0-1304 7 N 


oe (0-1304 9)? + &e.) 
Whence 


Hy — Hx = (Ho — 464)(1 ~ 1 4+ 0+1304_N 


_N-N-1 
oo 


(0-1304 7)? + &e.) 


= (Hp — 464)[ 1— (1-0-1304 |. (9) 


But H, — H, = W,, i.e., the total indicated work 
done in the series of N stages. 


The value of the ratio = is (0-5457)*". If this 


total range of expansion were divided up into an 
infinite number of stages then the useful work done 
would have been given by Callendar’s equation : 


ed Ps s by 10 
We = (Ho — 464) (: (22)13) (10) 

The difference between W,, and W, will obviously 
be greater the lower the efficiency. In modern 
practice 7 is seldom less than 0-7 and we shall 
accordingly adopt this value. Then if we have six 
stages we get from equation (9) : 


We = 0-4370 (Hy — 464). 
The value of = is in this case equal to (0-5457)® = 
0 
1 F . 
37789" 8° that equation (10) gives us 
W. = 0-4440 (Ho — 464). 


The discrepancy between the two will in practice 
be less than is represented by the difference between 
the above coefficients, so that the assumption 
originally made in determining the effective thermo- 
dynamic head is fully justified. If the given range 
of expansion were divided into 12 stages instead of 
6, we should have W,, = 0-4406 (H, — 464), 
which differs from W,, by less than 1 per cent. 
It must further be borne in mind that the greater the 
total ratio of expansion the more nearly will Wy 
approach to W,,. 


In the foregoing the ratio = has been taken at its 
0 


critical value. If it has any other value, say Z, then 
the effective thermodynamic head for a turbine of 
N stages, working with superheated or dry super- 
saturated steam, is in practice more than 


Ho =e {1 -[1-9(1-24)}} 
1 a, sia 

which is the limiting value when the nozzles are 
frictionless, and it is less than the value given in 
(10). As will be seen the difference between these 
two limiting values is insignificant when the 
turbine consists of more than, say, six pressure 
stages. It will be noted that 
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oe [3 -a(i- z*) | 


is nearer unity the nearer 7 is to unity and the 
smaller Z is. 

We can obviously deduce from the foregoing a 
curious theorem in pure mathematics, viz., when N 
is infinite the limiting value of 


[to(1- eae 


THE TELOC LOCOMOTIVE SPEED- 
INDICATOR AND RECORDER. 

SomME years ago we illustrated a locomotive speed 
indicator, since adopted on a considerable scale, 
which was made by the Hasler Telegraph Works, 
of 26, Victoria-street, S.W. 1. The instrument 
was known as the Hasler speed indicator, and 
the records made by it were curves drawn to a 
time base. In order to meet the requirements of 
tailways wishing to have records on a distance base, 
the Hasler company has now produced another instru- 
ment which has been designated the Teloc speed 
indicator. This later apparatus is illustrated on the 
present page and pages 132 and 133, these illustrations 
showing the most recent model embodying several 
important modifications in details of design. 

It may be pointed out that among other advantages 
a record on a distance base is always the same length 
for a section of line whether travelled over at fast 
or low speed. No paper is used during stops, and 
all records can be directly compared with and checked 
by a standard profile diagram so that the exact speed 
on gradients and curves, and over culverts, bridges, 
&c., can be at once read off. Such checking of special 
speed restrictions can be promptly made by means of 
a transparency which can be laid over the record. 

In the recent model which we illustrate, the record 
is made on two sections of a continuous paper; a 
third section is used if a record is taken of brake 
pressures. This third record is taken by a mechanism 
which is incorporated in one of the standard forms of 
the instrument, but which in no wise affects the speed- 
indicating gear with which we propose to deal more 
particularly. The instrument may conveniently be 
dealt with in four main sections, all of which are related 
to one another. In the first place there is an ordinary 
clock movement which gives the actual time. This 
is combined with gear producing a time record. There 
is also a distance counter, and, lastly, the speed- 
recording gear. These various components give the 














following information: the clock indicates the time, 
and gives a time record on the paper showing the time 
of day in hours and minutes, the time the engine is at 
work, and the duration of stops; by means of the 
speed-recording gear a speed curve is obtained which 
can be read off directly by scale; and by means of 
the counter the total accumulated mileage or kilo- 
metrage, and the mileage of the last or uncompleted 
journey can be obtained. 

A general view of the instrument is shown in Fig. 1, 
while Fig. 2 shows it with the front removed. Figs. 
3, 4 and 5 show respectively a corner view, side and 
back views. The other figures illustrate parts to which 
we shall refer in detail as we proceed, while a section 
of a record is reproduced in Fig. 6. From the latter 
it will be seen that the record is kept in two sections, 
as already stated, the upper one being a time record 
and the lower one a speed curve. Before going into 
the details of the recording mechanism it will be well 
to draw attention to the paper drive. The reels are 
well shown in the back view, Fig. 5, and the actual 
drive in Figs. 2,3 and 4. The drive is effected by 
means of the spiked roller at the upper left-hand corner 
of the instrument. This is driven through gears from 
a light vertical spindle, the latter being driven by worm 
gears to be seen at its lower extremity. The driving 
worm can be identified in Fig. 4, on the lowest spindle 
extending between the frames. This is driven through 
an intermediate spindle by the one about half-way 
up the mechanism carrying a large toothed wheel. 
The latter spindle is driven from the main transmission 
shaft from the engine wheel, and to which we shall refer 
later. The paper is drawn off the plain reel (to the left 
in Fig. 5), round a guide, across the front of the instru- 
ment from right to left. After passing the spiked 
driver, it passes round another guide to the receiving 
reel behind. This is provided with driving gear and 
spring tension arrangement in the body of the reel. 
The paper is held by the friction of a cylindrical 
clip, of which the knurled head, well seen in Fig. 5, 
forms part. Included in the drive between the spindle 
and the spiked roller, is a ratchet arrangement so that 
this roller can overrun the driving mechanism, for the 
purpose of feeding in a new roll, or drawing one off. 
The punctures produced by the small spikes auto- 
matically mark off on the paper the necessary 
distance units, miles or kilometres, according to the 
instrument. The paper feed is reduced to 10 mm. 
per kilometre or mile for instruments indicating up 
to 50 km. or miles per hour, and 5 mm. for instru- 
ments giving a higher speed indication than 50 km. 
or miles. 

Returning now to the time record, the clock 
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mechanism is of the usual escapement type and requires 
no description. With its recording pointers it is in- 
dependent of the rest of the instrument. Reference 
to the record (Fig. 6) will show that the time portion 
of the roll is divided by horizontal lines marked for 
5-minute intervals, the highest being 30 minutes. 
The pointer marking the minute curve travels across 
this width of paper in half an hour, then falling back to 
zero and repeating the process. In conjunction with 
the minute record another device punctures the paper 
from the back at hourly intervals, thus identifying 
the two sections of the minute curve, as one has the 
hour puncture with it, while the other half hour 
curve has no hour puncture. The rod and pointer 
for the minute curve is the one to the left in Fig. 2. 
This is operated by a pinion and rack from the clock 
mechanism. Keyed to the minute spindle is a ratchet 
plate with two detents.. A pawl, fixed to a dise which is 
carried at the back of the rack-driving pinion, engages 
with this ratchet plate, and in this manner the rack 
is lifted. At a certain point, however, when the rack 
is at the top of its stroke, the pawl is tripped by a fixed 
pin with which its tail comes in contact. The pinion 
is then released and the rack is free to drop to the 
bottom, being pulled down to this position by a light 
spiral spring (Fig. 2). There being two detents on 
the ratchet plate the pointer returns to zero twice 
in the hour. This ratchet plate with its two detents 
is shown in the diagram, Fig. 7. 

The hourly punctures are made from the back of the 
paper by a sliding pin in a movable frame. The drive, 
in the same way as described for the minute curve, 
raises a pricker by means of a pinion and rack. This 
mechanism is inside the machine and cannot be seen 
in the photographs. The pricker and rack rod, how- 
ever, are shown in Fig. 7. The head of this rod slides 
in a vertical slot in the guide plate, which is seen again 
in Fig. 5, between the reels. The puncture is caused by 
the guide plate, which is hinged at one side, being 
knocked forward by a striker shown in Fig. 7. In 
this figure for clearness of description the clock face 
and crank lever shown have been turned through 
90 deg. The striker is pivoted, and when the end of 
the hour is approaching, is held by the spring and 
crank lever in the dotted position, the lower arm of 
the crank lever resting (as shown dotted) close in to 
the main spindle. When in this tion the outer lip 
of the striker projects so as to foul a lug on the minute 
indicator rod, and the latter when falling after tripping, 
kicks up the striker and knocks in the frame and pricker. 
As the minute hand falls twice per hour, but the hourly 
puncture is only required once, the striker is arranged 
so that it can be withdrawn clear of the falling lug 
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when the minute rod drops at the half hour. This is 
effected by the pin shown on the main spindle pushing 
out the crank lever into the position indicated in full 
lines, which results in swinging up the striker out of 
the way. The crank lever is recognisable in Fig. 2, 
To return the hour pricker to the zero position at the 
end of 24 hours, a pawl trip exactly similar to that 
described above for the minute rod, is included in 
the drive, the only difference being that in this case 
one detent only is needed, as the paw] has to be tripped 
once only in the 24-hour round of the clock. The 
clock can be wound to run for 36 hours. The hour 
puncture is arranged 5 mm. to the left of the corre- 
sponding point on the minute curve. The hour of 
12 noon is shown in the middle of the record, and 12 
midnight at the top, when the pointer falls to re- 
commence again from the bottom. 

Coming next to the speed indicator and recorder, 
the essential mechanism of this part of the instrument 
is represented in Figs. 8 to 26. The s measure- 
ment is based on the principle we described some time 
ago in connection with the Hasler indicator, but is 
worked out in a much neater manner. This method 
does not give an exact indication of the actual momen- 
tary speed, but records the speed at 1-second intervals, 
which is sufficiently frequent to furnish an accurate 
record, The mechanism embodies a revolving shaft 
driven at a definite intermittent speed Gqteolled by an 
escapement. On this vertical shaft are three sliding 
sectors, Fig. 9. These are raised while, in turn, 
each is in contact with the driving mechanism, a 
height proportional to the speed of the locomotive. 
A cap, Fig. 18, rests over the sectors and is thus 
also raised. To this cap is fixed a rack, Fig. 13, 
sliding in a guide seen in the lower part of 
Fig. 5. This rack drives a pinion which is connected 
with gears on the front of the instrument, and these 
control the height of the middle rod and needle (Fig. 2). 
In the diagram, Fig. 8, the rod for the sake of simplicity 
is shown attached directly to the cap. The roller a is 
coupled through gears and bevels to the main spindle 
drive from the engine wheel, and therefore revolves 
at a speed proportional to the engine speed. This 
roller is cut with fine teeth, and these, as shown to a 
magnified scale in Fig. 10, mesh with a corresponding 
thread cut on the outside of the sectors or measuring 
bars. As the latter are revolved on the shaft b, start- 
ing from the bottom, each is raised through a height 
dependant upon the engine speed, as explained, while in 
contact with the roller. At the end of 120 deg. move- 
ment, however, the bar leaves contact with this roller, 
but is now under the control of a detention device, 
which holds the bar up while it is revolved through 
another 120 deg., when it is released to fall to the 
bottom ready to be worked up again when next brought 
into contact with a. The sequence is as follows: 
Ist second, bar is in contact with roller a; 2nd 
second, bar is held up by detention roller; 3rd second, 
bar falls to bottom; 4th second is the same as No. 1 
repeated, and so on, The bars and shaft are shown in 
Fig. 13, and in detail in Figs. 14to 19. The cap, Figs. 
13, 14, is fitted with ball bearings. It is supported 
by whichever bar is highest. In order to take up for 
any slight wear, and maintain perfect contact between 
the roller and toothed sectors, the roller spindle is, at 
the back, carried in a pivoted centre visible at the right- 
hand side low down in Fig. 5. The detention device is 
shown in Figs. 20 to 22, It is held up to the sectors 
by a spring. The gears shown to the left in Fig. 8 are 
offset, but the dotted lines show which are upon the 
same axis, 

The drive of the revolving vertical shaft, Figs. 8 and 
11, is from the first motion spindle which is driven by the 
bevel d, from the engine, through the device illustrated 
in Figs. 23 to 26, which is to be seen in position in 
Fig. 8 and 9. The speed of the vertical shaft is regu- 
lated by the escapement and wheel c (Fig. 8). Interposed 
between the positive engine arive and the escapement 
is a friction drive. The bevel d, Figs. 24 and 25, is 
driven by the engine, and the toothed wheel e, through 
other gears, drives the roller which lifts the measuring 
bars. The bevel d also drives a sleeve which ends, 
between a disc and a ratchet wheel, in a cam shown in 
Figs. 23 and 24. The disc and wheel now referred to 
are fastened together by screws and distance pieces, 
and arranged between them are two rockers and com- 
pression springs (Fig. 23), These springs exert an 
adjustable pressure on the rockers which grip the cam, 
thus furnishing a friction drive for the wheel f. On 
the right-hand side of this wheel is a pin, shown again 
at g, Fig. 26. This pin engages with a curved lever i, 
spring-controlled (Fig. 26), and through this spring 
tension the broad tooth wheel A, also shown in Figs. 3 
and 4, is driven, Fhe wheel / through a train of wheels, 
is connected with’ the escapement shown in Fig. 8. 
The lever i floats somewhere between its two extreme 
positions. When the drive from the spindle is faster 
than that needed to drive the escapement, the rockers 
slip on the cam (Fig. 23). If the main drive stops 
the tension exerted by the curved lever and spring 
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suffices to carry on the escapement movement for a 
short space of time during which all measuring bars 
return to zero. From Figs. 8 and 12 it will be noticed 
that in the escapement wheel every fifth tooth is omitted, 
making three teeth in the set missing. These teeth 
are cut out in order that the gear may momentarily 
quicken up for the time between one sector leaving the 
roller a and the next coming in contact with it. The 
drive for the speed indicator pointer is through a train 
of gears from a wheel, held in a triangular-shaped 
bracket (Fig. 2), on a spindle on which is the pinion 
working the rack of the speed-recording bar. 

It is hardly necessary to say much with regard to 
the counter, which is of the ordinary type, and is 
driven by bevels from the vertical worm-driven shaft 
which also feeds the paper (Figs. 2 and 3). The three 
figures to the right can be set by a button to zero at 
any time, and serve to indicate the day’s record, the 
other figures showing the total. If the instrument as 
shown in Fig. 2 is fitted with a recorder for the brake 
pressure or vacuum, the third stylus (that to the right) 
is connected with a lever operated by a manometer 
diaphragm, the underside of which is in connection 
with the brake pipe. This rod is shown extending down 
below the instrument in Fig. 2. No brake record is 
shown in the diagram, Fig. 6, and the gear being an 
addition which in no way affects the principle on which 
the speed indicator depends, we need not deal further 
with it. 

One further point remains to be treated, namely, 
the drive from the engine to the instrument. This 
varies according to the manner of installation. The 
drive may be taken off the side rod or an outside crank 
pin, or, if fitted to coaching stock or a dynamometer 
car, may be taken from the end of one of the journals. 
It is transmitted finally to a vertical shaft which runs 
either way, according to the direction of travel of the 
vehicle. In order to obtain a drive in one direction 
only for the instrument, the bevel on the first motion 
shaft to which attention has already been drawn is 
arranged to be driven through one or the other of the 
bevels k, and ko, Fig. 27, on the vertical shaft 1, which 
receives its motion direct from the vehicle. These 
two bevels are driven by discs and pawls, the latter 
catching in notches in the bosses of the bevels, one 
being arranged to catch when the vertical shaft is 
revolving in one direction, and the other engaging in 





the other direction. In each case the disengaged bevel 
runs free, and the instrument is driven continuously 
in one sense. The maximum speed arranged for the 
driving shaft is 75 r.p.m., so that the speed of the 
instrument parts is moderate throughout. Only three 
parts require lubrication other than that given at long 
intervals of time to clock mechanisms. The oiling of 
these three parts is arranged for by a small tray with 
drip pipes; these will be noticed in Figs. 2 and 3. 








Tue Late Mr. Orro Sanp, DrrecTor-GENERAL OF 
Swiss Feperat Rarmways.—Otto Sand, one of the 
Directors-General of the Swiss Federal Railways, who 
died at Bern last month, was born in St. Gall in 1856, 
and was trained at the Ziirich Polytechnic. In 1881, he 
went to France, and was for some years in the Service 
de Ja Construction des Chemins de Fer de l’Est. Return- 
ing to Switzerland in 1886, he built the line St. Gall- 
Gais, and joined the staff of the Swiss Federal Railways. 
He was appointed chief of the building department 
in 1901, a position which he held at the time of his 
death. As such, he had a great deal to do with the re- 
construction and extension of the railway stations of 
Basle, Biel, St. Gall, Lausanne and Vallorbes, with the 
construction of new railway lines, and especially with 
the building of the second Simplon Tunnel and the 
adoption of electric propulsion on the Federal railways. 





Opren-ArIr SvuBsTaTION FOR 50,000/135,000 Votts IN 
SwitzeRLanp.—The network of the electricity supply 
of Switzerland for the development of which so much 
has been done of late, consists at present of five main 
transmission lines running south-north, and three main 
lines running east-west, in addition to branch lines. The 
main crossings are to form substations for power distribu- 
tion, and it has been decided to build these distribution 
centres as open-air structures of the type first tried in 
America and later introduced into Spain. The first Swiss 
substation designed on this plan has been erected at 
Gésgen on the Aar, where the Rathausen-Laufenburg 
and the Luterbuch-Téss lines cross ; Gdésgen itself is one 
of the chief power stations. The substation covers an 
area of 65 m. by 40 m., which is enclosed by a wire 
fence, 2 m. in height. Within that space rises an open 
air iron structure &2 m. long, 20 m. wide, consisting 
of a main aisle 10 m. wide, the skeleton towers of which 
rise to a height of 15 m., and two side aisles, of half 
the width and height. Horizontal galleries divide the 
main aisle into two storeys; the side aisles are of one 
storey only. The two-storey arrangement of the main 
aisle is a novelty; the American structures are of one 
storey only. 
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THE TELOC LOCOMOTIVE SPEED INDICATOR AND RECORDER. 


CONSTRUCTED BY THE HASLER TELEGRAPH WORKS, ENGINEERS, LONDON, 





(For Description, see Page 131.) 
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“ELECTRIC LOCOMOTIVE DRIVES.” 
To tHE Eprror or ENGINEERING, 

Sim,—Your Leader of December 9 on the subject of 
“Electric Locomotive Drives” is of great interest if 
only in that in its passing from general to detail discus- 
sion it appears to indicate that in your opinion electri- 
fication in this country has now advanced from the realm 
of theory to that of practical application. At the same 
time, as one having some acquaintance and having made 
some study of electric locomotives, I find it impossible 
to leave some of the views you express without correction. 

I challenge these views now, in the first place because 
no one else has hitherto done so, and in the second place 
because I feel it dangerous to allow—as I consider— 
unsound principles to go forth not only unchallenged, 
but hall marked by ENGINEERING’s acceptance of them. 
It is conceivable that wrong guidance at this embryo 
stage of the electric locomotive in this country might 
lead practice in wrong directions, the bad effects of which 
it would take long to eradicate. 

In the interim, since the pubhcation of your leader, I 
have had an opportunity to read Mr. Gibbs’ paper in 
connection with which it was written. With your high 
opinion of the value of this paper one cannot but be in 
entire agreement, but it certainly contains a number of 
points as to which one would wish to join issue. In 
particular, one cannot agree that the results of the 
investigations described, by any means justified or even 
pointed to the adoption of the rod and jackshaft drive 
used on the Reanaptvanio engines. It is your comments 
arising from the use of this drive that I wish particularly 
to criticise, but one must say this as regards the paper 
itself, viz., that it appears to indicate clearly not only 
that the wheel arrangement—as apart from the drive— 
adopted by the Pennsylvania was correctly selected and 
fully justified, but that all the requirements for good 
running dictated by the investigations described can be 
complied with by a 4-4-0 + 0-4-4 engine preferably 
with the bogie wheels asymmetrically arranged, and of 
quill design with geared twin motors. If this be so 
there is no excuse for the complicated, expensive, and in 
all respects inferior rod design. The paper itself indicates 
some of the drawbacks attached to the embodiment 
of rods and jackshafts, e.g., the necessity for very accurate 
setting of the rods and crank pins in relation to each 
other, the liability of pin journals to heating, &c., but 
I do not think it gives sufficient indication of the import- 
ance of these drawbacks nor of the extent to which 
they have adversely affected good running and main- 
tenance costs on every rod and jackshaft locomotive. 

However satisfactory, for example, the Pennsylvania 
locomotives have been—and there is no doubt they 
have done their work and done it well—the fact remains 
that though the standards both of their construction and 
of their maintenance are very high, such costs as have 
been published show them to be materially more 
expensive in maintenance and repairs than correspond- 
ing engines of other types. It is no secret that many 
Continental rod and jackshaft engines of less substantial, 
and poorer mechanical, construction have, practically 
speaking, been failures. 

Apropos of your remark as to securing easy running 
and good speed by the use of rod designs, I venture to 
ask that you cite the rod locomotive on the easy running 
of which at all speeds up to say 70 miles per hour this 
remark is based. Personally I do not know of any that 
give really easy running or good riding even at consider- 
ably less speeds, and I have ridden on a good few includ- 
ing the Pennsylvania engines. 

Then again as to electric locomotive coupling rods being 
‘only a question of parallel rods ’’ and to complications 
being absent which exist in the case of steam locomotive 
rods, I fear you have exactly reversed the facts. 

In steam practice, as you say, other parts than the 
rods give the trouble, but the rods do give some trouble 
and moreover lead to higher fuel consumption the greater 
the number of coupled axles; they would certainly 
not be used on steam locomotives if they could be 
avoided. But in their operation in steam as compared 


with electric conditions they have these advantages, 
viz., that in no case with steam does a coupling rod 
transmit the whole of the power, while the rod system 
is an entirely flexible arrangement, both ends of each 


coupling rod being attached to spring borne wheels 
and so being as it were “loose” vertically; again all 
that the rise and fall of the main driving or crank axle 
does is to cause, through ths connecting rod, only a slight 
variation of the travel of the piston in the cylinders. 
The conversion of straight line to rotary motion, which 
you set down as derogatory thus in reality simplifies 
the steam engine by eliminating the complications that 
otherwise would arise from the relative motion between 
the fixed cylinders and the spring-borne rising and 
falling axle. 

The conditions of the electrical engine on the other 
hand are very much more difficult ; there at least one, and 
frequently two, sets of rods have to transmit the whole 
power, and there is a resulting cdnsiderable increase in 
the weight of the rod and of tne bending stresses in it 
set up by centrifugal action which largely govern its 
strength. Then again the give and take of the steam 
engine between fixed and spring-borne parts is absent. 
Far from the rods being as you describe ‘ simple parallel 
rods,”’ they cannot be kept parallel. The jackshaft 
being a fixture in the framing, the centre of rotation 
of this end of the rod is fixed, whereas at the driving 
wheel end the centre of rotation has to rise and fall with 
the wheel as it follows the track ; the rod accordingly as it 
goes out of parallel should be constantly lengthening and 
shortening by the amount of the versed sine of the angle 
of vertical travel, and in the absence of being able to do 
so tends to lock itself and to put undue stress on the pin 
journals. The shorter the rod, and also the higher the 
speed, the worse this of course is. Its effect combined 


with that of centrifugal force and with a further locking 
tendency set up whenever slackness round the pins is 
allowed to develop accounts for the heating of pins 
referred to in Mr. Gibbs’ paper, and which has been very 
serious and has been accompanied by breakage, on some 
Continental engines. 

Frame stresses and bad riding are also enhanced by 
the alternating cross transmission of power from one side 
of the engine to the other which takes place wherever 
two or more sets of rods reciprocating at different angles 
are employed, and obviously the ater the wenlber 
of sets of rods the greater is the difficulty of accurate 
setting and the tendency to locking as slackness develops. 

High centre of gravity is unquestionably a desirable 
feature of any locomotive, but to my mind it is equally 
pee arwerng that to purchase it by means of and 
jackshaft designs is to pay too high a price for it, especially 
if a design better mechanically can provide a centre of 
gravity sufficiently high. This the geared twin motor 
quill design in my opinion certainly can do. 

Even now the New York Central Company and the 
Chicago, Milwaukee and St. Paul Company have per- 
petuated and extended the axle carried armature design 
of the original engines of the former company. Low 
as the centre of gravity is in these engines you would I 
am certain experience great difficulty in getting any 
New York Central officer to agree with your statement 
that the Woodlawn accident was due to this. 

It is surely significant that the alterations subsequently 
made to the New York Central engines did not affect 
the centre of gravity at all, but consisted of the addition 
of a leading axle to the outer trucks, thus making these 
asymmetrical. This was followed in the later engines, 
the wheel arrangement, but not of course the drive, 
of which corresponds with the 4-4-0 + 0-4-4 Penn- 
sylvania wheeling. There is, that is, a four-wheel bogie 
guiding the main framing which in its turn carries in 
its axle boxes two further pairs of wheels ; the centre of 
gravity remains low as heretofore, and is similarly low 
in the new St. Paul engines, but we have heard of no 
further similar accident with any of these. Though 
personally I would prefer a greater height, I am con- 
vinced that far greater side thrust can be put on the track 
by the hunting of a symmetrically disposed truck than 
by any effect of low centre of gravity, and it is to such 
hunting that I attribute the deformation of track shown 
in one of Mr. Gibbs’ illustrations. 

With respect to the quill desi 
why you suggest that its simplicity is apparent rather 
than real. The geared twin motor quill engine is about 
as simple as a high power locomotive can be and its 
drawbacks are minor ones. The exact counterpart of 
its principal complication, the spring gear or spring drive, 
is of necessity embodied in every rod drive engine that 
has been, or has in the end been made, successful, and 
likewise in most Scotch Yoke or modified Scotch Yoke 
engines. With this design the motors are not badly 
exposed to road dust and Sirt, and, as you agree, it would 
not matter much if they were. That they are not 
cram or complicated by space considerations is 
sufficiently proved in that something over 700 h.p. D.C. 
can be got on to one axle and something like 600 h.p. 
A.C., either of which powers is quite sufficient for us 
to be going on with here for some considerable time. 

In repair shop practice the simplest engine is the axle 
armature one. The quill drive machine, if less simple, 
does not present any radical difficulties. There is no 
advantage from concentration of the locomotive power 
into one or two big motors, but quite the reverse so far 
as this country is concerned. Electrically, with similar 
armature peripheral speeds there is no gain in active 
material, nor is there any gain in brush gear or brushes. 
In reliability there is a loss as the breakdown of one 
motor out of two is more serious than that of one out 
of 4, 8, or 12. Mechanically, from the point of view of 
locomotive design as governed by the conditions in this 
country with our comparatively low permissible axle 
weight and weight per foot run, the multimotor design, 
as compared with the concentration of weight of the rod 
design, has the great advantage of flexible wheel arrange- 
ment; it enables the weight to be spread and the track 
to more or less at will. Furthermore the rod 
design undoubtedly brings back some of the rail pounding 
effects inseparable from steam locomotives. Again 
electrically the 1,500 volt and certainly the 3,000 volt 
D.C. system necessitates at least two if not four motors. 

Swiss and Italian designs embodying Scotch Yokes 
or modifications thereof and eliminati jackshafts 
provide, generally speaking, a better engine than the 
pure rod types. Neither type, however, will, I hope, 
appeal to designers here as inst the far cheaper, 
simpler and better, quill or sinlios designs, which more- 
over are far more in accord with British tradition and 
sentiment. 


it is difficult to follow 


J. Datzter. 

Derby, January 24, 1922. 

(Mr. Dalziel is, of course, well known as an advocate of 
the quill drive. On the other hand, Mr. A. W. Gibbs, 
chief mechanical engineer of the Pennsylvania system, 
must be acknowledged as an authority of very con- 
siderable first-hand knowledge of this subject, and we 
must be excused if we consider his eleven years successful 
experience with rod locomotives to prove the fallacy of 
many of Mr. Dalziel’s contentions, which we gather are 
based upon “a good few” rides. We have Mr. Gibbs’ 
statement that these machines, which have to their credit 
over 11,000,000 miles run, have proved satisfactory. 
This should suffice to ensure the system the chance of 
fair investigation and trial, and we hope the issue will 
not be confused by Mr. Dalziel’s appeal to British 
tradition and sentiment, which should have no meani 
when it is a question of the practical solution of such 
problems. If our impression that trials in this country, 





of the rod-type machine, would be interesting and 
probably of value, needed further support we might quote 


from Mr. George Gibbs, chief engineer of electric traction, 
Long Island ‘Telok and consulting engineer to the 
Pennsylvania Railroad, the Delaware, Lackawanna and 
Western Railroad, the Illinois Central Railroad, and so 
on, and chairman of the Electrical Section of the American 
Railway Association, who has some quite good things to 
say of the system. The fact remains that the Penn- 
sylvania has been so far satisfied that for its latest ty 
the rod drive is used, though for conditions which the 
quill drive could easily meet. In view of these facts 
we have very little fear that our statement of the case 
will have the disastrous effects Mr. Dalziel suggests in his 
second paragraph; and, always supposing the matter 
to be in the hands of someone other than our corre- 
—— we still think a good deal might be learnt by 
this country, when the statements of such well-known 
men in America as those we have quoted, backed with 
the authority of years of actual experience, go to show 
that the rod drive is not full of disadvantages as Mr. 
Dalziel appears anxious to make out.—Eb. E.] 





DEFECTS IN THE TECHNICAL TRAINING 
OF YOUNG ENGINEERS. 
To tHe Eprror or ENGINEERING. 

Srr,—During recent years a large amount of thought has 
been devoted by both practising engineers and teachers 
to the training of young engineers in our colleges. That 
this thought has given result is apparent from a study 
of the courses of instruction adopted. One is safe to as- 
sert that all our colleges aim to train the minds of their 
students in order to enable them to think logically, and 
to give them a sound knowledge of the science of engi- 
neering. Hence it must be with ever-increasing alarm 
that the college staffs witness the larger number of 
graduates who yearly join the ranks of the unemployed, 
or who take up positions unworthy of their qualifications. 
The college staffs must now realise that the average 

aduate is not welcomed by practising engineers, even 
in subordinate positions. 

A research into the problem of the unemployment of 
graduates shows that the present training received at 
our colleges fails in so far that little or no instruction is 
given in the economics of the science of engineering, 
which amounts to stating that subjects devoted to 
commercial engineering are not included in the courses 
of instruction. The average student is given no en- 
couragement to study technical economics, to under- 
stand the causes and effects of the fluctuations of the 
prices of materials of construction, or to realise the neces- 
sity and importance of cost analysis. He is left un- 
acquainted with the rudiments of the law of contract, 
and the making up of estimates and specifications. His 
ideas of the organisation of labour are often crude. 

Practising engineers of the present day are eagerly 
searching for junior engineers who are capable of assisting 
them in lowering costs of construction and production, 
and in making designs where not only knowledge of the 
application of formule is essential, but where exact 
realisation of the economics of production, maintenance, 
repairs and renewals is present. 

Teachers in our colleges are apt to point out that the 
commercial, and thus the economical, side of engineering 
can be fully understood by young engineers after a cer- 
tain amount of practical experience, and there is no 
doubt this is true in exceptional cases ; but they would 
be the last to guarantee that the fundamental principles, 
which are so necessary to correct thinking, are absorbed 
and understood. 

A college course of instruction cannot, at the present 
time, be considered complete unless the subjects of 
economics, cost accounts, and the law of contract be 
included therein. In drawing-office instruction a student 
should be shown exactly where his design, however sim- 
ple, is a failure or a success from an economical point of 
view. He should be taught to draw up simple estimates 
based on current prices, and on stable prices, and to 
draw up specifications for simple designs. He should 
be taught to analyse costs, and encouragement should be 

iven to him to keep up to date curves showing the 
uctuations in the prices of the most widely used materials 
of construction. 

Again, teachers are apt to point out that the period 
allowed for the taking of a course is insufficient to allow 
extra subjects to be introduced. If this is actually the 
case, then the period should be extended at once. A 
searching inquiry, however, made by practising engineers, 
will show that there are subjects included in these 
courses that can be eliminated, or failing that, there are 
doubtedly, subjects that are taught far too deeply for 
the requirements of young engineers. 

It is now generally recognised that the time has arrived 
when the economics of all the branches of engineering 
must be rigorously examined and analysed, and thus if 
we are to retain our present place as the foremost engi- 
neering nation, then we must unite in seeing that our 
young engineers are well fitted for the responsible posi- 
tions they have to take up ; fitted in such a way that they 
can keep the nation not only up to date, but far ahead of 
all competing nations. 

Yours faithfully, 
W. Netson ELGoop. 

Naboam, Ashanti, December 20, 1921. 








GAS CYLINDERS. 
To THE EpiTor or ENGINEERING. : 
Srr,—Three years’ deliberation of the Gas Cylinder 
Research Committee have finally resulted in the issue of a 
First Report, which practically dots the i’s and crosses 
the t’s of post-war practice. The rt is, in effect, 
both non-committal and inconclusive except in regard to 
one point, viz., that the existence of the Gas Cylinder 
Committee will be almost indefinitely prolonged if it is to 





be allowed to continue its ambitious programme of 


FEB. 3, 1922. ] 


ENGINEERING, 


135 








“ 


interference “ according to plan”’’ with matters which, 
so far as the general public is concerned, are already 
quite satisfactory. 

It is interesting to note from their Report that the 
Cylinder Committee actually came into being as the direct 
result of a suggestion made by another Government Com- 
mittee, and not because of any demand on the part either 
of the gas-compressor or the cylinder user, or even of the 
British public, which has, in the end, to foot the bill for 
these useless, extravagant, and long-drawn-out investiga- 
tions and deliberations. Everyone heretofore was quite 
satisfied with existing conditions in the trade, and with 
the general immunity from accident, due partly to the 
Railway Traffic Regulations, but more particularly to 
the conscientious manner in which the compressed gas 
trade realised and carried out its responsibilities. If, 
now, the Government are to continue to take a hand in 
the matter, the result will be to relieve the gas-compressor 
of the responsibility which he has accepted so successfully 
in the past, and to place the onus of any accident under 
the new specification on its own shoulders. 

So far as the Report itself is concerned, with the single 
exception of an effort to remove the existing ambiguity 
in regard to the “‘ crushing ”’ test along lines which I had 
already indicated as desirable in my letter to you on 
June 26, 1919, the conditions suggested do not appear 
to be any less cumbersome than those in the original 
1895 “‘ Recommendations.”” The point I refer to is that, 
if the steel be defined chemically, there is no need to insist 
on elaborate tests of a physical nature. On the other 
hand, if the required physical characteristics be specified, 
a definition of the chemical composition would appear to 
be unnecessary. Chemical and physical characteristics, 
subject to heat treatment, are so completely inter- 
dependent that it seems as if one or the other might safely 
be left to the discretion of the steel-maker. 

It is to be assumed that, at least in theory, the main 
object of the deliberations of the Cylinder Committee 
was to evolve a specification which will afford under the 
conditions selected the greatest possible protection to 
the public. In this connection it should be emphasised 
that the safest cylinder is that which, if ruptured when 
under internal pressure, will not splinter or fragment. 
In fact, the splintering of a cylinder is the principle 
source of danger, rather than the shock or concussion 
resulting from a burst. On this point the investigations 
of the Cylinder Committee are distinctly inconclusive. 
In the first place no effort appears to have been made by 
it to test cylinders to destruction under the one condition 
under which a cylinder could be expected to rupture in 
the ordinary course, t.e., under gas or air pressure—so 
that any conclusions arrived at on the question must 
necessarily be misleading. Destruction tests carried out 
hydraulically can give no indication as to what would 
happen under gas pressure so far as fragmentation is 
concerned. A cvlinder will not splinter under hydraulic 
test, but would quite conceivably fly into three or four 
pieces at least under pneumatic destruction, depending 
to a very great extent upon the nature of the “‘ heat 
treatment ’’ to which it has been subjected. There is, 
in fact, nothing in the conclusions arrived at to warrant 
the adoption of the heat treatment advocated as being 
the best possible in the circumstances. 

So far as concerns the flattening test, it is not made 
clear what is to happen in the event that the selected 
cylinder fails to comply with the suggested regulation. 
Is the whole of the batch to be scrapped without further 
investigation ? 

It is further to be noted that the Cylinder Committee 
advocate the “‘ water-jacket ’’ method of testing cylinders 
hydraulically, a method which for some years has been 
obsolescent, and is open to many inaccuracies, compared 
with the system now in use generally. 

Finally, it is to be regretted that the Report does not 
deal more expansively with the inspection and treatment 
of the plates or slabs from which the cylinders are ulti- 
mately drawn. 

Yours truly, 
Crecit LiGutTroor. 

London, January 24, 1922. 





* ENGINEERING AS A PROFESSION.” 
To THE Epiror or ENGINEERING. 

S1r,—‘ Nabla,”’ in his letter in your issue of January 20, 
is apparently in favour of “ Registration.” I think, 
however, that it is undesirable. It appeals only to those 
in secondary occupations, such as the plumber and the 
midwife. Engineers who have no trade connections, 
such as civil engineers and the mining engineers, belo: 
to professions, separate from mechanical or electrical 
engineers, who nearly all are contractors with a trade 
training. Professional engineers are more concerned 
about their status than their remuneration, and desire 
separate Institutions for the different provinces of 
engineering. I think that it would be an advantage to 
the engineering professions if the civil, mining, mechanical 
and electrical engineers’ Institutions agreed that, in the 
future, they would only confer their respective qualifica- 
tions on candidates who had been trained in their special 
province of engineering, and that those trained in the 
other provinces would only be admitted as honorary 
members, provided that they had qualified for admission 
to the Institution which represented their province of 
engineering. 

It is most unjust to the civil and the mining engineers 
that those candidates trained in the works of mechanical 
or electrical engineers, either as premiumed pupils or as 
fitters, turners, &c., should be admitted to the profes- 
sional examinations held for civil and mining engineers 
respectively. The mechanical and electrical engineers, 
who object to labourers doing their work, will see the 
justice of my remarks. So far as civil and mining 
engineers are concerned, a trade training is unnecessary. 
A good opportunity of seeing public contracts carried’out 





is of far more importance to the civil engineer, and these 
contracts de mostly on platers, concrete workers, 
masons, bricklayers, carpenters, navvies, &c. Engineers 
should recognise that in all schemes of recent growth— 
such as the converting of water-power from streams and 
lochs into electrical power—the civil and the electrical 
engineers have their respective rights, and that there is no 
necessity for any new body of engineers to arise as 
specialists, such as hydro-electrical engineers. 

All engineers should protest against the Government 
making engineering and the sciences connected with it 
subjects of examinations for naval and milit: officers, 
and also for officials interested in agriculture and forestry. 
Those professions are totally distinct from engineering. 
The fact that they are interested in engineering does not 
justify the trespass. Why should the naval and mili 
officers have a stronger right for undertaking the wor 
Satenging to engineers than that of millowners and 
manufacturers? It certainly would not do, if the 
officials connected with the fishing industry were to 
direct the building of trawlers and fish markets, harbours 
and docks, railways, roads, &c., in addition to training 
youths as engineers in their own special schools, because 
of the importance of those works to their calling, instead 
of recognising the rights of engineers, who have made 
engi poring tele profession. 

gistration or no registration, engineers should 
demand the separation of their profession from that of 
the combatant naval and military officers. Neither the 
naval nor military officer desire that the “ plums” of 
their profession should go to engineers, and engineers 
do not desire that combatant soldiers should get the 
“plums ” of their profession, as if they were superior to 
them in ability. 

All naval and military engineer officers should be on 
the same footing as the officers of the R.A.M.C., and this 
is only just. They should be taken from engineers in 
civil colleges, in the first place, and not trained by the 
Government at the beginning of their careers, as soon 
as they have left the public schools. The officers should 
be engineers only, and they should have full control of 
their own department. There would then be no cause 
for bad feeling when these officers were appointed to 
Government engineering posts. On the other hand, 
they would not be eligible for naval and military posts, 
which should only be held by combatant officers in the 
navy, cavalry, infantry, R.A. and Air Force, &c. This 
is only just to the officers in the Medical Corps, R.A.S.C., 
&e., who are denied the privilege of holding purely 
military appointments outside their own department. 
Engineers must recognise the difference between soldiers 
being allowed to do engineers’ work, and engineers being 
allowed to do soldiers’ work. The Navy, Army and Air 
Force are so popular that there is no difficulty in getting 
officers who would confine themselves to one profession, 
and who would be willing to leave engineering to a 
Royal Corps of Engineers. 

The opinions on free education held by the communists, 
socialists and Labour Party—and to some extent. carried 
out by weak Governments—have done much to lower 
the status of all professions, by making special knowledge 
common knowledge. Further, teachers give instruction 
in engineering, building construction, analytical chem- 
istry, &c., in the ordinary schools, instead of giving in- 
struction in general school subjects. This has had the 
effect of bringing boys into these overcrowded occupa- 
tions. Teachers, for their own gain, are always ready to 
boom scientific subjects. They, as a class, know practi- 
cally nothing about occupations outside their own, or the 
type of boy required for them. 

Yours faithfully, 
A Civit ENGINEER AND SURVEYOR. 





WORKSHOP AND HUMAN MENTAL 
EFFICIENCY. 
To THE Eprror or ENGINEERING, 

Srr,—A bout thirty years ago the hue and cry originated 
that a workman was too old at forty—-employers in 
America discovered that a young man from twenty-five 
to thirty-five had greater speed than a trustworthy, 
faithful worker of more mature years, whose aim was 
to produce an article which had the hall mark of work- 
manship upon it, and regarding which the old conserva- 
tive employer took a pleasure in complimenting his 
employees for their skill. 

More modern methods had to be devised to produce 
workshop efficiency. The result was the introduction 
of the hustler, but the hustler did not know the material 


ng | he was handling. He lacked the experience of the shop 


foreman, of forty-five or fifty ; he was like part of the 
10,000,000 tons of shipping that is at present lying idle 
or, in other words, built for speed and not for cargo. 
And to-day, when the bureaucrat has assembled all his 
——- and is hearing their opinion, one wonders 
if it is a jazz band. Men are engaged by the employ- 
ment monogre and allocated by him to the shop. Materials 
are orde and allocated to the shops, by the order 
office. Machines for carrying out the operations are 
purchased after collaboration between the drawing office 
and the works engineer, and they are fixed in the shop 
by the works engineer’s staff. Their speed and feed are 
controlled by speed and feed experts. Progress of the 
work through the shops is governed by a planning 
department; the heating, ventilation and lighting of the 
shops is looked after by the welfare department. The 
disciplining of the men which has been sadly neglected, 
has to be dealt with by the employment manager. 
Piece work, which the employee approves, and payment 
by results which the employer desires because he is 
going to get something for nothing, have their prices 
set and controlled by timers under the direct supervision 
of a special department. Any questions of dealing with 
labour or shop conditions is dealt with in conjunction 
with the shop committee. In times past the* foreman 





was looked upon as being a representative of the manage- 
ment in the shop, upon whom the workmen looked as 
being the visible sign of his employer, and they could go 
to him, for they knew that the consideration would be 
humane. S 

If the employer would devote as much time to educating 
his workmen in human mental efficiency, and show that 
he stands for reform, to assist and not resist, to brighten’ 
the lives in the workshops and make more use of science 
as applied to business, great good would result. What 
better use could be made of the cinema ? 

The country to-day is like a meadow, it has been 
under grass for a certain period; about a year ago 
farmers began to plough it ; it has now been well ploughed 
and harrowed, and ready for the seed. If the sowers 
do their work well, and the roller levels the ground, 
there will be an abundant harvest, for it is pleasing to 
read reports where the employers and employees’ repre- 
sentatives are seeing eye-to-eye. The ave both 
realised that it is only by humane methods that the 
country can return to prosperity, but what chance has 
a British employer competing against a German whose 
workmen are working from 10 to 14 hours a day and 
receiving the fourth of a British mechanic ? Give the 
Briton a fair chance in the competitive market of the 
world and his opponents will receive the knock-out blow. 
Even under adverse circumstances he can oust them in 
a fair deal. It says much for the British firm that has 
secured the contract for the million pound job. It is 
also encouraging to everyone that inquiries are becoming 
more numerous, 

Yours faithfully, 
Ropert Keppie. 

12, Venus-road, Eltham, 8.E. 9, 

January 30, 1922. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


To tHe Epiror or ENGINEERING. 

Srr,—In your report of the meeting of the Institution 
of Mechanical Engineers held on the 20th ult., your 
reporter raises what appears to be an entirely y 
doubt with respect to the legality of the votes given by 
Associate Members at the meeting, basing his doubt 
upon a few words taken from the end of the old Article 6 
as passed in February, 1893. That the phrase quoted 
does not affect the legality of the votes is clearly shown 
by many of the other articles, and especially by 
Article 20 in its old form, which states definitely that 
‘*Each Member and Associate Member shall have one 
vote and no more,”’ I cannot find any restriction was 

laced on the voting powers given to the Associate 
Ssombees by the old Articles, and it appears that the 
question of the validity of their votes does not arise, 


Yours oer 
H. P. Puriror, 
Professor. 





To THe Epiror or ENGINEERING. 

Srr,—Your comments on the last meeting of the 
Institution of Mechanical Engineers do not, I think, 
state quite clearly the actual confusion which has existed 
with regard to the status of associate members under the 
Articles, previous to the revision now in course of intro- 
duction. Every one, as you say, will welcome the 
change which will clear this away. To my mind the 
point is one of good and bad law. The Institution is 
registered under the Companies Act, and for this purpose 
members only have been considered by Article 6 to form 
the company, with the risks attaching, in accordance with 
Clause 6, &c., of the Memorandum of Association. 
However, Article 20 gives associate members a vote. 
Is it good law that associate members should have the 
power of involving the members in liabilities for which 
they (the associate members) would not be jointly 
responsible at law? I am arguing now the general 
case without reference to the procedure you suggest 
might have been followed at the recent meeting. If this 
state accords with good law there is nothing more to 
be said. But to my mind this cannot be the case ; 
so far as I know in this country only under Trades Union 
legislation can responsibility for joint action be avoided. 
If, actually, it is bad law, the question is how to get the 
Institution out of its unfortunate position, and increase 
the responsibility (and, let us note, also, the liabilities) 
of the associate members, without any internal disturb- 
ance, which we would all want to avoid. I would suggest 
a voluntary confirmation of the ‘‘ Corporate Member” 
proposal M members only. : ; 

I may add, Sir, that I have been consistently in favour 
of bringing the associate members more closely into the 
responsibilities of the Institution, and approve of the 
allocation to them of some seats on the council. 

I am, Sir, 
“Firrren Years A MEMBER.” 

January 30, 1922. 





Farapay Hovse ELectricaL ENGINEERING COLLEGE. 
—We have received from this college a copy of the 
issue for the Lent term (vol. ix, No. 5) of the Faraday 
House Journal, containing besides college news and 
information, several interesting notes and articles on 
electrical and kindred subjects. The annual examina. 
tions for a Faraday scholarship of fifty guineas per annum, 
tenable for two years in college and one year in manufac- 
turing works, and for a Maxwell scholarship of fifty 


guineas per annum, tenable for one year in college and 
one year in works, will be held at Farada ouse, 
Southampton-row, W.C.1, on April 11, 12 and 13 next. 


Exhibitions may also be awarded to candidates who 
acquit themselves creditably in these examinations. 
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300-H.P. UNIFLOW ENGINE. 


THE uniflow type of steam engine, in which exhaust 
takes place through a ring of ports in the centre of the 
cylinder, is of British origin, having been patented by 
Todd in 1884. Little or nothing, however, was done 
towards its commercial development until the idea was 
revived by Professor Stumpf, in Germany, and several 
British makers then started building engines working 
on the uniflow principle, under German licence. 
About the same time, however, engines working on this 
principle were being developed in this country by 
Mr. John Davidson, the first uniflow engine constructed 
to his designs being built in 1909. In 1912, a three- 
crank compound vertical engine, of 1,500 h.p., at the 
Salford Corporation Electricity Works, was converted 
to the uniflow system, with a considerable increase in 
economy. This was then about the largest uniflow 
engine in existence. 

The engine, illustrated in Figs. 1 to 7, on this and 
the opposite page, is one recently constructed under 
Mr. Davidson's patents by Messrs, Clayton, Goodfellow 
and Co., Limited, of Blackburn, Lancashire. It has 
been installed at the Bee Mill of Messrs. Banister 
Brothers and Co., Limited, Blackburn, under the 
supervision of Mr. William E. Grundy, A.M.I.Mech.E., 
consulting engineer, of that town. The engine has 
a single-cylinder, 24 in. diameter by 30-in. stroke, and 
develops normally 300 i.h.p., at 150 r.p.m., though it 
is capable of an overload of 25 per cent. if required. It 
operates with steam at 160 lb. per square inch and 
150 deg. F. superheat. The appearance of the engine 
is well shown in the general view given in Fig. 1, and 
the longitudinal and cross-sections given in Figs. 
2 and 3. The engine is totally enclosed, and is fitted 
with forced lubrication and a water-cooling system to 
the main bearings and slides, The lay-out, etree, 
makes all parts easily accessible. The most novel 
structural feature is in connection with the cylinder 
barrel which is of patented design. The construction 
gives ample strength in the neighbourhood of the 
exhaust ports and allows a gradual fall in temperature 
right away from the steam inlet to the edge of the 
exhaust port. The general arrangement of the valve 
gear is clearly illustrated in Fig. 3, from which it will 
be seen that the valves themselves and their lifting 
gear are free from complications or a multiplicity of 
joints, The gear gives silent closing and quick cut-off 
without the use of dash-pots. 

In dealing with the details of the valves and their 
operating mechanism reference must be made to the 
sectional drawings given in Figs. 4 to 7. It will be con- 
venient to deal first with Figs. 6 and 7, which show the 
valve spindle lifting cam. As will be seen, a bridle N 
is attached to the top of the valve spindle M. This 
bridle, which is a steel forging, is formed with a cylin- 
drical upper portion which works in a guide 0. A 
spring P which fits inside this cylindrical portion serves 
to close the valve. Lift is by means of the cam Q 
which is oscillated by the eccentric on the layshaft, the 
travel being varied by the expansion gear which we will 
refer to later. As will be seen from Fig. 7 the working 
edge of the cam is grooved and operates on a pair of 
rollers carried by the spring lever R. A centre roller 
carried by the same lever is in contact with the 
bridle and is used to lift the valve. The introduction 
of these rollers prevents any side pressure on the valve 
spindle due to the operation of the cam, while the 
introduction of the spring lever R cuts down the number 
of joints. 

The expansion gear is operated by pressure oil from 
the main supply, and the only work required from the 
governor, which is of the Whitehead type, is the 
operation of a small relay valve which is indicated at 
C in Fig. 4. As the governor has practically no 
resistance to overcome the governing is very sensitive. 
The whole of the expansion gear, including the eccen- 
trics, is lubricated from the pressure system and is 
enclosed as shown in Fig. 1, making a neat lay-out, 
easily kept clean. The operation of the expansion gear 
may be followed through from Figs. 4 and 5. The 
valve cam is operated by the main eccentric A, which is 
carried on a smaller eccentric B which is fixed to the lay- 
shaft. The angle of advance and consequently the 
cut-off are varied by movement of the outer eccentric 
on the inner eccentric. The movement is carried out by 
the governor, which admits o'l to the relay cylinder D 
by its control of the piston valve C to which reference 
has already been made, The piston of the cylinder D 
is connected to the end of a lever F through the link E. 
The lever F is pivoted at G and carries a bridle J 
which embraces the sleeve H. The operation of the 
governor consequently results in the sliding of the 
sleeve H along the layshaft. This action rotates the 
outer eccentric A on the inner eccentric B owing to 
the swinging of the bell-crank levers K, the movement 
of the inner ends of which is controlled by collars on 
the sleeve H. The other ends of the bell-crank levers 
are connected to the eccentric A through ball-jointed 
links L. 
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It will be clear that the work required from the 
governor with this gear compares very favourably with 
the not unusual arrangement in which the governor 
action directly alters the position of the main eccentric. 
Gears of this Davidson type are stated to have been 
in use for many years without requiring adjustment of 
any kind. The engine with which we are concerned is 
fitted with a jet condenser and pump of the Edwards’ 
type placed underneath the engine and driven by ropes 
from the crankshaft. The plant has now been in 
service for some six months, and is stated to have per- 
formed excellently from the points of view of easy 
running, freedom from trouble and economical per- 
formance. Figures for a recent test which have been 
furnished to us are as follows: Steam pressure, 
150 lb. per square inch; superheat, 60 deg. F.; 
vacuum, 26 in.; steam consumption, 10-95 lb. per 
indicated horse-power. 








INDUSTRIAL NOTES. 

Tue Journal of the Industrial League and Council 
for January contains an article by Mr. John Ames 
on “ The Four Partners in Industry.” In this article 
Mr. Ames says that a close investigation discloses 
the fact that there are four definite factors in industry. 
He places Labour first, “‘ not because of any particular 
present claim over the other factors, but because in 
the dim long ago man lived and laboured ages before 
the Capitalist came on the scene, and, as Labour 
supplies the muscular elements necessary to work raw 
material into useful products, he gives it priority.” 
He places Capital second “ as in the ordinary course 
of evolution it is a natural product of Labour’s pro- 
gress.” Management comes third, since it is “a 
natural product of dual effort on the part of Capital 
and Labour.” In a summary, Mr. Ames states that 
‘“* Labour provides human endeavour, Capital provides 
working material, and Management supplies the brains 
for directing and managing ability so necessary to 
make the two former successful.” The fourth partner 
is the Community, “ without whom all the three pre- 
ceding ones are idle.’ To our mind, Mr. Ames goes 
rather far back in the dark ages to illustrate his point ; 
but even then it is not at all certain that the man who 
first fashioned a crudely-shaped tool designed it and 
was actually responsible for it. Mr. Ames allots 
brains to Management, but before Labour and every 
one of the three other partners can have any innings 
at all, every piece of work has to be thought out, 
designed, and virtually built up. Physical labour is 
too imbued with a sense of its relative importance to 
the community at large. Taking the sphere in which 
we are interested, civil and mechanical engineering, 
the actual builders of any item in these special lines 
are the designers, also the men who discovered the 
metals and alloys, and those who by investigating the 
properties of materials have rendered actual building 
possible. Capital is not by any means a natural pro- 
duct of manual “ labour’s progress” alone. Capitalism 











is human nature, says Sir Robert Cannell, who adds 
that every man is a capitalist, whether he be an 
employer of labour or a “ working man.” Much of 
our present trouble has been the result of Labour's 
failure to appreciate the interdependence of the 
several sections of the community. 

Speaking last week at the nineteenth annual ordinary 
general meeting of Messrs. Baldwins, Limited, held at 
Birmingham, the chairman, Colonel Sir John Roper 
Wright, Bart., said that during the last few months 
there had been considerable reductions in the price 
of coal, but further substantial relief was essential 
to enable the re-establishment of the company’s and 
the country’s industries on anything like a satisfactory 
scale. In order to secure cheaper coal, he sug- 
gested that it would be in the interest of the miners 
themselves to consider seriously the advisability of 
reverting to the 8-hour day, as the 7-hour day had 
resulted in a very serious addition to the cost of pro- 
duction. Other factors which stood in the way of 
reduced costs were the effects of new obligations 
imposed by various statutes, such as the increased 
contributions under the Insurance Acts, increased 
workmen’s compensation payments, the betterment 
fund under the Mining Industry Act. The cost of 
stores and materials, although declining, had still a 
very long way to go, and railway and dock companies 
would certainly have to give more adequate relief 
in the matter of railway rates and dock charges than 
they had done up to the present. Further, local rates 
and taxes had increased enormously, whilst as far as 
income-tax and corporation profits tax were concerned, 
although they were not, strictly speaking, items of 
cost, they nevertheless constituted a crushing burden 
upon the finances of industries which had to be nursed 
towards recuperation. 

The British coal output during 1921 was 164,500,000 
tons, as against 229,250,000 tons in 1920 and 287,500,000 
tons in 1913, the last complete year before the war. 
The coal exports were as follows: 1921, 24,660,000 
tons; 1920, 24,932,000 tons; and 1913, 73,400,000 
tons; and the coal for foreign bunkers 10,926,000 tons 
in 1921, 13,840,000 tons in 1920, and 21,024,000 tons 
in 1913. 

It is reported that the Amalgamated Engineering 
Union paid in unemployment benefit during the past 
year a total sum exceeding 2,000,0090/. There was paid 
in addition a total sum of over 400,000/. in sick and 
superannuation benefit. These totals do not include 
accident and general benefit, nor management cost. 

Towards the close of our last volume, we recorded the 
fact that the Executive Council of the Amalgamated 
Engineering Union had strongly advised the members 
to vote for the agreement on freedom of management 
and overtime, which had been signed both by the said 
Executive Council and by the Engineering and National 
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Employers’ Federation. The result of the,ballot was 
announced last Friday; it shows that 35,525 voted 
for the agreement, whilst 50,240 voted against, there 
being in consequence an adverse majority of 14,715. 
The men who took the trouble to vote numbered, 
therefore, 85,765 only. Our readers will remember 
that the Executive Council advised the members to vote 
for the agreement because “they appreciated the 
gravity of the situation, they had a Mle to the present 
industrial stagnation, to the fact that 90,000 members 
were unemployed, to the financial strain (briefly 
reported in the foregoing) to which the organisation 
had been subjected and was likely to be subjected 
to for some time to come,” The latest figures con- 
cerning the membership of the Amalgamated Engineer- 
ing Union which we have seen show a total of 429,510 ; 
the men who voted are thus only 20 per cent. of the 
total membership, less than the number of members 
unemployed. It is difficult to believe that men can be 
so indifferent as to disorganise still further one of our 
staple industries through such a paltry ballot. 





Statistics of workmen’s compensation paid during 
he year 1920, under the Workmen’s Compensation Act, 


























1906, and the Employers’ Liability Act, 1880, have 
now been issued by the Home Office. From these 
we take the following figures. The number of fatal 
cases was 3,531, and that of non-fatal ones 381,986, 
a total of 385,517, for a total number of persons 
employed of 8,348,150. The compensations paid, for 
fatal cases were 755,657/. and for non-fatal ones 
5,222,352/., a total of 5,978,0091. The numbers of 
persons employed in each industry, and the amounts 
paid for compensation were as follow :— 





Numberof Total Charge 
Industry. Persons Compensa- per 
Employed. tion Paid. Person 
Employed. 
£ a. d, 
Shipping 211,996 174,607 16 6 
Factories 5,996,246 2,770,890 9 3 
Docks .... 169,572 249,264 29 5 
Mines .... au 1,249,884 2,329,574 37 3 
Quarries on 68,792 65,231 19 0 
Constructional Work 98,601 65,990 13 5 
Railways 553,059 322,453 ll 8 
8,348,150 5,978,009 14 4 
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In the coal-mining industry the charge works out at 
about 2-44d. per ton of coal raised, 


Mr, J. Reay, who presided at the annual meeting of 
the North of England Conciliation Board for the 
Manufactured Iron and Steel Trade, which was held 
at Newcastle last Monday, stated that the depression 
prevailing in the industry was unprecedented. He was 
sure that if the miners’ strike had not taken place the 
depression would not have been half so acute. Prices 
had been reduced, but men were still without work. 
Coal was practically still double the 1914 price. There 
had been practically no reduction in transport rates. 
At the same meeting, Mr. W. T. Griffiths, the men’s 
secretary, said that the operatives in the iron and steel 
trades had done less than those in other industries to 
bring about the depression, but had probably suffered 
more from its effects. 





A meeting was held last week in Westminster, of 
the Mansion House Association on Railway and Canal 
Traffic, together with representatives of Chambers of 
Commerce, of Agriculture and kindred organisations, 
when the following resolution, in regard to road 
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transport was passed unanimously: “‘ That this meeting 
views with apprehension the granting of road transport 
powers to railway companies for any purposes other 
than the collection or delivery of rail-borne traffic, 
believing that it will inevitably tend to build up a 
monopoly of inland transport in railway hands contrary 
to the public interest, and will therefore gradually 
deprive the whole of the trading community of the 
country and the public generally of alternative and 
bon4 fide competitive road haulage outside railway 
influence or control; and pledges itself to support 
any steps that may be taken to oppose such powers 
being granted.” 





SOCIETY OF GLASS TECHNOLOGY. 

A MEETING of the Society of Glass Technology was held 
in the Applied Science Department, The University, 
Sheffield, on January 18, 1922, the President, Dr. M. W. 
Travers, F.R.S8., in the chair. 

After an announcement by the President as to the 
forthcoming visit to this country of the American Ceramic 
Society, probably in September, a general discussion 
took place on the subject of ‘‘ The Durability of Glass.” 
The first paper presented was ‘“‘An Examination and 
Extension of Zulkowski’s Theory of the Relation between 
the Composition and Durability of Glass,” by Mr. W. L. 
Baillie, A.I.C. In the absence of Mr. Baillie an abstract 
of the paper was given by Professor W. E. 8. Turner, 
who said that Zulkowski’s theory was based largely on 
direct chemical evidence. It assumed that, in the found- 
ing of glass the essential reactions involved were, _ 
marily, the formation of simple silicates of the alkalies 
and alkaline earths, and that su uently these bodies 
combined to form double silicates which were regarded 
as the characteristic constituents of all serviceable glass- 
ware. This second reaction was the slower, and it would 
not proceed to completion unless the melt was main- 
tained at a sufficiently high temperature for an adequate 
period. In all these reactions the bases were regarded 
as competing y prey! for the acids, and it was further 
assumed that all the materials of the batch entered com- 
pletely into reaction. If one t. of base, alkali or lime, 
was molecularly in excess, simple silicates would remain 
in the glass, and would persist irrespective of fining. 
These simple silicates were regarded as the prime cause 
of instability. 

If a glass had the molecular composition : 


SiO2 , a per cent. { (a + 6) molecules per 

ReOQ;5 os a \ cent. of acidic ox- 
ides. 

RO ae OC os 


ReO ive -@ 9 


when a sum of the bases was greater than three times the 
molecular proportion of R20; oxides, it was proposed to 
regard the ReO; oxides as combining to form boro or 
alumino silicates, which might be formulated as 


36 MO, bR2O3, n SiOo. 


There was now a residue of bases amounting to 
(c 4+- d — 3b) molecules, and of 8iO2 amounting to (a — n) 
molecules. On the assumption that the bases were 
proportionally distributed among the silicates and com- 
lex silicates, the individual residues of RO and R2O 
»ases would be proportional to the amounts originally 
present, and so 


Residue of RO bases = °(¢ + 4 — 34) iiclecules. 
(c + d) 
Residue of R20 bases = Aeon = molecules. 
ao 


Following Zulkowski's original theory, the bases com- 
bined as simple silicates would amount to (c ~ 4) 


(c + @) 
(c + d — 3b) molecules. 

The difference between Zulkowski’s original theory 
and that now proposed lay essentially in the different 
quantities dedu for the number of molecules of 
simple silicates. By the former theory the quantity 
(c ~ d) was obtained, to which the term “basic excess” 
was applied. The theory proposed gave the more com- 
plete function : 

(c ~ d(o + d) — 3b) 

{e + @) 

‘reactivity coefficient’ was sug- 














for which the term 


Zulkowski’s original theory failed to explain the dura- 
bility of glasses containing any considerable proportion 
of Alj,O; and B20;. The agreement between calcu. 
lated and observed reactivities, by the proposed theory, 
was generally as good as in the case of the simpler types. 
In general, glasses of satisfactory resistance were found 
to have reactivity coefficients of under three units, and 
the best commonly had values of two units or less. 
Negative values were generaliy associated with the most 
stable glasses, though very large negative values were 
probably undesirable. Glasses whose coefficients ex- 
ceeded five units were unstable for chemical ware. 

The second paper presented was entitled ‘A Critical 
Note on the Methods of Determining the Durability of 
Glass,” by Professor W. E. 8. Turner, D.Sc. Professor 
Turner said that there were a number of methods possible, 
but he proposed to discuss only a few of those in fairly 
general use. Dealing first with the expression of the 
results obtained, the method of stating the loss in weight 
due to the attack of reagents was not a reliable check. 
It was better, where ible, to determine the amount 
of alkali liberated. ith regard to the form of the test 
pieces, flasks gave different results from beakers, especi- 
ally where the temperature was such that volatile re- 
agents or vapours caused action. Also, as flasks differed 





in shape, the area of the liquid in contact differed for 
definite weight or volume of the t; while pieces 
immersed ap’ to give results different from those 
obtained where one surface only was in contact with the 
reagent. - Four modes of test were indicated: (a) The 
static method with flasks and beakers; (b) the use of 
slabs and discs immersed in the reagent; (c) the auto- 
clave test; (d) for convenience and rapidity a good 
method was that of using glass, ground up to mesh 
20 to 30, though Dr. Peddle advocated the 160 mesh. 

The whole subject, however, was one requiring careful 
investigation, and, in the speaker’s opinion, it was one 
which could be most appropriately dealt with by the 
Glass Standards Committee of the Society. 

A third paper, “‘ The Effect of Magnesia on the Dura- 
bility of Glass,’’ by Miss C. M. M. Muirhead, B.Sc., and 
Professor W. E. 8. Turner, was presented by the latter. 
In this paper a comparison was made of the results ob- 
tained from the action of certain reagents on lime glasses, 
and on magnesia gy Resistance to attack by water 
was determined from tests made on glass crushed to 
mesh 20-30, and boiled for one hour. The amount of 
sodium oxide set free was greater in the case of the lime 
glasses than in the case of the magnesia glasses. The 
results of tests on boiling discs in hydrochloric acid for 
six hours showed that a glass containing small amounts 
of magnesia was much more resistant than the corre- 
sponding lime glass. The effect of increasing the 
amount of magnesia was not so marked as the effect of 
increasing the lime. Magnesia glasses were found to be 
less resistant than lime glasses to attack by both sodium 
carbonate and caustic soda, after boiling for three hours. 
It was also found that the loss in weight for sodium car- 
bonate was greater than the loss in weight with caustic 


Taking the whole subject of corrodibility in a general 
way, there was not much difference between the lime and 
the magnesia glasses. One set held the advan 
towards one particular reagent, and the other set held 
the advantage towards another nt. 

The papers elicited a lively discussion in which there 
took part the President, Messrs. F. W. Adams, A. Bunce, 
F. G. Clark, J. R. Clarke, E. A. Hailwood, and W. J. 
Rees. 

The President intimated that the next meeting would 
be held in Manchester on February 15, when part of the 
time would be devoted to questions. 





Tue wate Mr. J. FiscHer-HInnen.—Last week, 
— from a Swiss contemporary, we recorded the 
eath of Dr. J. J, Sulzer-Imhoof (page 113 ante). A later 
issue of the same journal announces the death of Mr. J. 
Fischer-Hinnen, which occurred at Oerlikon, on January 
13. Mr. Fischer-Hinnen was professor of electrotechnics 
and director of the Electrotechnic Institute forming part 
of the Winterthur Technical College. He was born in 
Zurich in May, 1869; he studied at the said Winterthur 
College and, in 1889, entered the Oerlikon Engineerin, 
Works. After several years spent abroad he cuiyheed 
in 1905 to the Oerlikon Company, and was appointed 
chief engineer of the small motor department. He 
became professor of Winterthur College in 1914. Mr. 
Fischer-Hinnen was well known to a wide circle of 
scientists and practical men as an authority on electrical 
matters. 





COMMEMORATION MEETINGS OF THE INSTITUTION OF 
ExLectricaL ENGINEERS.—A detail programme of the 
commemoration of the first meeting of the Society of 
Telegraph Engineers which was held on February 28, 
1872, has now n issued by the Institution of Electrical 
Engineers. On Tuesday, February 21 next, at 3 p.m., an 
experimental lecture will be delivered by Professor 
Fleming on ‘‘ Michael Faraday and the Foundations of 
Electrical Engineering.” The annual dinner will be 
held at the Hotel Cecil on the evening of the same day. 
On Wednesday, February 22, from 3.30 p.m. to 6 p.m., 
there will be a series of short discourses on ‘‘ Reminis- 
cences and Experiences of Electrical Engineering in 
both its Technical and Legislative Aspects,” by various 
leading and old-standing members of the profession, On 
the evening of that day Professor Fleming will repeat 
his lecture on Michael Faraday, while on Thursday, 
February 23, from 3.30 p.m. to 6 p.m., and from 8 p.m. 
to 10 p.m., the short discourses will be continued. The 
meetings will be held in the Institution Building, Victoria 
Embankment. 





INstiITUTION oF Navan ArcHITectTs.—The annual 
meetings of this Institution are to take place on Wednes- 
day, April 5 and the two following days, in the Lecture 
Hall of the Royal United Service Institution, Whitehall, 
W.C. 2. The Duke of Northumberland, president, will 
oar the chair. An evening reception will be held 
in the Naval Museum of the Royal United Service 
Institution on Tuesday evening, April 4, at 9 p.m. 
The annual dinner will be given on Wednesday, April 5, 
at 7.30 p.m., in the Grand Hall, Connaught Rooms, 
Great Queen-street, Kingsway, W.C. A gold medal 
will be awarded by the council to any person, not being a 
member or associate member of council, who at the forth- 
coming meetings reads a paper which, in the judgment 
of the council, is deemed of exceptional merit. The 
council will also offer a premium of books or instruments 
to the reader of any paper, not being a member or 
associate member of council, which paper, in the judg- 
ment of the council, merits this distinction. In sending 
this notice, the Institution calls attention to the scholar- 


ships which are administered by the council, there being | d 


a number of scholarships in naval architecture and in 
marine engineering open to candidates who have not yet 
entered upon a University course, and also post-graduate 
research scholarships in both naval architecture and 
marine engineering. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—There is evidence of a steady growth 
of confidence in the engineering and steel sections. 
Compared with last year, successive reductions in fuel, 
ore, and transport costs have brought steel prices between 
40 per cent, and 50 per cent. lower. To-day, they are 
considered to occupy an economically competitive 
position, and there is a strong belief that the next few 
months will witness the placing of long-delayed orders. 
The most lucrative field of enterprise appears to lay in 
electrification and transport schemes. Immediate benefit 
will accrue from the 1,000,000J. South African contract 
secured by the Metropolitan-Vickers Electrical Company, 
Manchester, who have transferred a considerable portion 
of their machinery-making business to Sheffield. The 
promise of rail orders from the Midland Railway Company 
is also welcomed, though under normal conditions the 
15,000 tons required would not occupy three up-to-date 
mills more than a fortnight or three weeks at the outside. 
Further benefit is e ted to accrue from proposed 
schemes for the electrification of three southern railways 
and the inception of light railway work. In addition, 
inquiries for railway materials are coming in freely from 
India and Brazil, and there is evidence that China and 
the Sngontine are keeping an eye on Sheffield prices 
and delivery conditions, in view of the enormous re- 
newals which are contemplated in those countries. The 
improvement in heavy steel-making is slow, but sure. 
One or two more steel furnaces have been put into com- 
mission. France is still taking a fair tonnage of auto- 
mobile steel from the local rolling mills. Railway spring 
departments, which have been badly hit by competition 
from other districts as well as from the Continent, are 
badly in need of orders. Several contracts have been 
taken at a loss in order to keep commercial organisations 
in the minds of potential buyers. There is no immediate 
improvement in farming implements, brass fittings and 
hardware. In.the market for raw and semi-finished 
materials, the latest official quotations show further 
reductions averaging from 10s. to ll. West Coast 
hematites are being delivered in Sheffield at 5/1. 10s. to 
5l. 158. ; East Coast hematites, 47. 15s. to 5l.; Lincoln- 
shire foundry iron, 41. 10s. to 41. 15s. ; Lincolnshire forge, 
4l. 78. 6d.; Derbyshire foundry, 4/. 7s. 6d. to 41. 10s. ; 
and Derbyshire forge, 4/. 5s. The latest quotation for 
bars is 131. to 132. 10s., and sheets 18. 


South Yorkshire Coal Trade.—A firmer tone is evident 
in the steam coal market. The current output still 
leaves a surplus, some of which is being diverted to the 
house-coal section, but home industrial users are taking 
rather a larger tonnage, and despite unfavourable freight 
rates to the coast there is more buoyancy in the export 
trade. Collieries have more orders than they can handle 
for best quality house coal. The big tonnage taken by 
consumers in the London area leaves rather less than is 
required for local consumption. Gas fuels are going 
away steadily to inland works. Smalls are depressed, 
and are not expected to improve until blast furnace 
operations are placed on a broader basis. Quotations :— 
Best branch handpicked, 39s. to 40s.; Barnsley best 
Silkstone, 38s. to 40s.; Derbyshire best brights, 35s. 
to 36s. ; Derbyshire best house, 34s. 6s. to 35s.; Derby- 
shire best large nuts, 30s. to 32s.; Derbyshire small 
nuts, 25s. to 27s. ; Yorkshire hards, 28s. to 30s. ; Derby- 
shire hards, 27s. to 29s. 6d.; rough slacks, 15s. to 16s. 
nutty slacks, 13s. to 14s.; smalls, 3s. 6d. to 7s. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLEsBRovuGH, Wednesday. 

The Cleveland Iron Trade.—Whilst actual transactions 
are not on a very extensive scale, quite good home 
and foreign inquiries are reported, and following last 
week’s announcement of 1,000 tons sale of Cleveland pig- 
iron to Germany, another parcel of 2,000 tons has been 
sold to that country. Home requirements are slowly 
but steadily growing, and the seven furnaces now running 
on Cleveland pig-iron are turning out little more than is 
necessary for current needs. ome and export prices 
are identical. No. 1 Cleveland and siliceous are each 
95s., No. 3 G.M.B. is 90s., No. 4 foundry 87s. 6d., No. 4 
forge 82s. 6d., and mottled and white are each put at 
75s. to 80s. The two last-named qualitics continue so 
plentiful as to be quite a drug on the market, and makers 
are prepared to give favourable consideration to any 
reasonable offers for mottled and white. 


Hematite.—The position as regards hematite shows 
rather pronounced improvement. There are 12 furnaces 
manufacturing East Coast brands, and the make is 
reported well taken up. Some producers have sold 
rather heavily, with the result that competition for 
orders is less ey, and there is not so much cutting of 
prices as there has been. No. 1 is 97s. 6d., and Nos. 1, 
2 and 3 are 95s. f.o.t. and f.o.b. 


Foreign Ore.—Business in foreign ore is on but a 
trifling scale. Best rubio is 25s. c.i.f. 


Coke.—Durham blast-furnace coke, of average quality, 
is still quoted up to 27s. delivered, which is more than 
local consumers are willing to pay, and there is little 
business doing. 

Manufactured Iron and Steel.—Sales of finished iron 
and steel are difficult to arrange. With a large pro- 
portion of the plant in this district idle, and output 
psa no yp at a low ebb, the situation cannot be 

lescri as otherwise than unsatisfactory and dis- 
co ing. There is keen competition at cut prices 
for the few foreign orders in the market, but for home 
ee ewe producers adhere to the following rates :— 

on iron bars, 121. 10s.; iron rivets, 141. 15s. ; 
steel ship, bridge and tank plates, 107. 10s. ; steel angles, 
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101. :; steel joists, 107. 10s.; soft steel billets, 71. 10s. ; 
medium steel billets, 9/.; hard steel billets, 97. 10s. ; 
heavy sections of steel rails, 91. 10s. to 101. 58.; fish- 
plates, 141. 10s.; black sheets, 13/.; and corrugated 
galvanised sheets, 161. 


Forge and Mil! Wages again Reduced.—The accountants 
to the Board of Conciliation and Arbitration for the 
Manufactured Iron and Steel Trade of the North of 
England have this week certified the average net selling 
price of bars and angles for the two months endi 
December 31 last at 13/. 12s. 10-43d., as compared wit! 
15l. 138, 6-34d. for the previous two months, and under 
sliding scale arrangements puddling and other fo 
and mill wages are reduced by 20 per cent. for the mont! 
of February and March. 





NOTES FROM THE NORTH. 
Grascow, Wednesday. 
Scottish Steel Trade.—There has been little change in 
the state of the Scottish steel trade this week, and pro- 
duction is still on a very small scale. One or two estab- 
lishments can see ahead for the matter of a week or two, 
but in the majority of cases work is mainly of a hand-to- 
mouth description. Few orders of any respectable 
tonnage have n booked of late and anything on offer, 
however small, is the subject of keen competition on the 
part of sellers. Buyers continue to hold off, much to 
the annoyance of producers, and if only a small buyi 
movement would set in it is oon felt that it wall 
be the forerunner of a considerable improvement in 
trade. The various works are well prepared now to cope 
with any expansion which may show itself. Prices are 
the turn softer, with the result that foreign material is 
not so tempting -as it was, and less orders are bei 
booked by the agents. The export side of the industry 
remains quiet and little business is being transacted. 
Black sheet makers report a few more orders for the 
Eastern market, and the export quotation is easier at 
101. 10s. per ton, net, f.o.b. ~ et 


Malleable Iron Trade.—No improvement falls to be 
recorded in connection with the malleable iron trade in 
the West of Scotland. Dealings are of a very limited 
nature, and few managements can see any distance ahead. 
While the home trade is quiet there is also very little 
doing on export account, and inquiries are of small 
volume. The current price for “crown” bars for home 
consumption is still 12/. 10s. per ton, and a trifle less for 
shipment lots, say 12. f.0.b. Glasgow. There are rumours 
of a reduction in prices on an early date. 


Scottish Pig-Iron Trade.—The poor state of general 
business throughout the country is reflected in the 
quietness which pervades the Scottish pig-iron trade. 
The producers have tried to induce buying by the very 
keen prices named, but although these show little or no 
margin of profit they have failed to tempt buyers to 
book up, and the only business passing is that for 
immediate requirements. Few furnaces have been re- 
started yet, but as there is quite a good undertone a 
number may be put into commission before long. On- 
cost charges are coming down very slowly and it is 
difficult to see how quotations can be much further 
reduced meantime. ematite iron, delivered at the 
steel works, may be had at 5. 10s. per ton, while No. 1 
foundry iron is round 51. 10s. per ton, and No. 3, 51. 5s. 
per ton, both ex-makers’ yards. 


Scottish Shipbuilding.—The past month has been 
rather an exceptional one as regards output, chiefly 
on the Clyde, and stands forth as a record for January 





month. The figures are as follow :— 
Vessels. Tons. 
The Clyde ... 10 58,614 
The Forth ... ~ -- 
The Tay ... eee soe 1 800 
The Dee and Moray Firth 4 110 
15 59,524 


The large Clyde output is accounted for by the fact that 
two large vessels—the turbine steamer Bendigo, 13,100 
tons, by Messrs. Harland and Wolff, Limited, Greenock, 
for the P. and O. Steam Navigation Company, Limited, 
London, and the turbine steamer Athenia, 12,000 tons, 
by the Fairfield Shipbuilding and Engineering Company, 
Limited, for the Anchor-Donaldson Line, Limited, 
Glasgow—both happened to be put into the water last 
week. January is usually a quiet month in launches, 
and the fact that there was a large output of new tonnage 
last month does not mean that the industry is busy. 
Far from that it merely accentuates the dullness because 
there are no orders for new vessels to take the places of 
those just launched. Bookings have been an unknown 
quantity for a good long time now, but it is interesting to 
record the fact that Messrs. Scotts Shipbuilding and 
Engineering Company, Limited, of Greenock, have secured 
an order from Messrs. Alfred Holt and Co., Liverpool, 
to build a motor vessel. She will be a twin-screw, 
400 ft. in length, 52 ft. in breadth, and 32 ft. in depth, 
and will be propelled by Scott-Still engines, which 
represent the recent development in marine propulsion 
and embody the principle of the combination of an oil 
engine and a steam engine. The engines will have a 
combined brake horse-power of 2,500 under service 
conditions. 





Tue InstiruTION oF C1vit ENGINEERS: YORKSHIRE 
AssociaTIon.—We have received from this association 
a small booklet dealing with the session 1921-22. It 
gives the names of the members of council, past presi- 
dents, dates of meetings, list of meeti of kindred 
societies, rules, list of members, &c. "The address of 
the Secretary is Engineer’s Office, Midland Railway, 
Wellington Chambers, Leeds. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
P The eet ee The Ree of the coal oye t 
i week has n the strength of small and 
ounel welktes which the demand awh the supply. 


Large coals, however, remain more than sufficient to |. 


meet buyers’ requirements, and consequently prices are 
i and dependent on the individual circumstances 
of buyer and seller. In the majority of cases sellers refuse 
to supply small unless a proportion of large is also taken. 
By t lves the best quality steam smalls command 
from 18s. 6d. to 19s., with seconds from 17s. 6d. to 18s., 
and cargo sorts from 15s. to 17s., but with a proportion 
of buyers can secure discounts of 6d. and Is., 
acco to the quantity of large taken. Prices for 
washed coals continued firm, with dry nuts round 35s. 
and dry beans 23s. 6d., while for steam nuts the price is 
round 28s., and for steam beans 25s. 6d. Though the 
demand for large is insufficient to absorb available 
supplies, prices are steady round 24s. 3d. for best 
Admiralty, 23s. 9d. seconds and 22s. 6d. to 238. for the 
leading Monmouthshires, while best dry large is round 
24s. and ordinary 23s. The South Wales Coal Owners’ 
Association are continuing to consider schemes for the 
fixing of economic selling prices, and in their efforts 
they are backed up by the men who realise that it is 
re eo for the colliery companies to go on selling 
indefinitely at a loss. Already definite proposals have 
been submitted to the Coalowners’ Association for 
consultative action by colliery salesmen with a view to 
improving prices, and a meeting with representatives 
of the South Wales Miners’ Federation has been we 
to discuss the financial position of the industry. The 


reductions in non-statutory dock charges which were to | @ 


have come into operation on January 16, but were with- 
drawn by the owas, have now been definitely 
restored, and will come in force from February 1. The 
reductions are of a minor character, but even so are 
welcome, for even a halfpenny or a farthing per ton may 
make the difference between profit and loss. Foreign 
exports from South Wales in the past week amounted to 
509,000 tons, which total has only once been exceeded 
in any similar period in the past two years. Shipments 
to France amounted to 190,000 tons, to Italy 50,000 
tons, South America 66,000 tons, to Spain 42,000 tons, 
to British coaling depots 36,000 tons, and to other 
countries 113,000 tons, the latter including 36,000 tons 
to Bombay and single cargoes to Colombo, Rangoon and 
Tuticorin. 

Iron and Steel Trade.—Though prices for Welsh tin- 
plates have been maintained on the basis of 198. 6d. f.0.b. 
for prompt delivery and 19s. forward, the undertone is 
if anything weaker in view of the lack of demand. At 
present several steamers are loading for San Francisco, 
the Far East, Vancouver, Norwegian and Portuguese 
ports, but the outlook is none too promising, for these 
vessels are taking plates ordered some weeks ago. The 
men’s section of the Joint Industrial Board are pressing 
for the abolition of the sliding scale agreement, and a 
joint meeting of the employers’ and men’s representatives 
has been fixed to take place next week. 








Fiow or METAL DURING Foremsc: Erratum.—We 
regret to find that, by a printer’s error, the signature to 
the letter on the above subject which appeared on 
page 104 of our last issue was misspelt; the name 
should read ‘‘ Robert Keddie.” 

OXYLENE Process or TIMBER FIREPROOFING.— 
The Timber Fireproofing Company, Limited, 5 and 6, 
Clement's Inn, W.C.2, have communicated to us a letter 
they have received from the Mercantile Marine Depart- 
ment, Board of Trade, stating they are instructing their 
surveyors at the various ports that doors constructed of 
wood treated by the Oxylene process so as to render 
it fireproof may be es as meeting the requirements 
of paragraph 29 of the Board’s ‘‘ Instructions relating to 
the Construction of Passenger Steamships,”” provided 
they are of approved construction having a minimum 
thickness o1 14 in., and their dimensions do not exceed 
7 ft. by 3 ft. 2 in. 

Lioyp’s Returns or VeEssEts Lost.—Statistics just 
issued by Lloyd’s Register for the quarter ended June 30 
last, show that during that period the merchant navies 
of the whole world lost a total of 88 vessels making 
117,822 gross tons in the aggregate, the losses being due 
to abandonment at sea, foundering, fire, collision, 
breaking up and other causes. The losses of the United 
Kingdom amounted to only 9 vessels, with a total 
tonnage of 9,394, which is 0-05 per cent. of the total 
to’ owned in this country, while the losses of all the 
Briti Dominions amounted to 14 vessels making 
13,001 tons, or 0-52 per cent. of the Dominion tonnage. 
The largest actual loss during the period was sustained 
by the United States, 17 vessels, making 17,140 tons, 
having been removed from the registers for that country ; 
the last-mentioned figure is, however, only 0-12 per cent. 
of the total American tonnage. Froportionally, the 
greatest loss has been suffered by Greece, the total for 
that country being 7 vessels making 14,166 tons, and the 
latter figure representing 2-36 per cent. of the Greek 
merchant tonnage. Spain has also suffered rather 
heavily, having lost 10 ships, making 16,645 tons, which 
amounts to 1-43 per cent. of the total Spanish tonnage. 
The only other countries with losses exceeding 5,000 
tons are Japan, Italy, Norway and Sweden, the figures 
for those countries being 14,210 tons (6 ships), 11,366 
tons (4 ships), 6,689 tons (4 ships) and 6,144 tons (2 
ships), respectively. The figures given include both 
steamers and sailing vessels, and gross tonnages are 
referred to in all cases. Vessels of less than 100 gross 
tons are not included in the statistics. 





NOTICES OF MEETINGS. 


Institution oF MECHANICAL ENGINEERS.—To-day, 
Friday, at 6 p.m., at Storey’s Gate, St. James’ Park, 
Westminster, 8.W. 1. Extra meeting, at which the 
come by Messrs. H.'8. Denny, C.B.E., and N. V. 8. 

ibbs, B.Sc., on ‘‘Some Observations on a Producer 
Gas Plant,” will be read and discussed. 


Tue Institution or Brrrish FouNDRYMEN : LANcA- 
SHIRE Brancu.—Saturday, February 4, at 4 p.m., in the 
College of. Technology, Manchester, when Mr. R. Dun. 
kerley, F.C.W.A., of Stockport, will give a paper on 
“Foundry Accounts, Costs and Statistics.” 


Tae Braprorp Encrmeerine Socrery.._Monday, 
February 6, at 7.30 p.m., in the Hall of the Bradford 
Technical College. b per on “ Planning and Control 
of Production,”” by Mr. R. O. Herford (Manchester). 


Tue InstirutTion or Crvm ENGINEERS, YORKSHIRE 
AssociaTion.—-Monday, February 6, at 7.30 a. in 
the Hotel Metropole, s. Paper on “The Engineer 
as a Factor in Public Health,”’ by Mr. J. Johnstone Jervis, 
Medical Officer of Health for Leeds. 


Tae IwnstiruTion or EecTrrican ENGINEERS. 
Monday, February 6, at 7 p.m., Informal Meeting at the 
Institution. ‘Some Practical Applications of the 
Thermionic Valve,” by Mr. J. pw 


CLEVELAND INstITUTION oF ENGINEERS.--Monday, 
February 6, in the Hall of the Cleveland Technical Insti- 
tute, Corporation-road, Middlesbrough, at 6.30 p.m., 
when a paper on “‘The Future of Blast Furnace Practice 
in Cleveland,” by Mr. Richard Sharp, will be read and 

iscussed. 





Tue Surveyors’ [nstrrution.—Monday, February 6, 
when the adjourned discussion on the paper by Mr. W. R. 


Davidge (Fellow), on “The Problems of Greater 
London” will be resumed. The chair will be taken at 
8 p.m, 

Tue InstiruTIon or ELecrricat ENGingers: Sourn 
Miptanpd CENTRE, Stupents’ Section.—'Tuesday, 


February 7, at 7.30 p.m., at the University, Edmund- 
street, Birmingham. Paper on ‘Telephone Trans- 
mission through Submarine Cables,’”’ by Mr. A. Rosen 
B.Sc. (London Section), 

Tue MANCHESTER METALLURGICAL Socrety.—Tues- 
day, February 7, at 7 p.m., at the College of Technology, 
Manchester. Paper, “The Attack on Brasses by 
Solder,” by Mr. E. L. Rhead. The chair will be taken 
by Dr. 8. F. Barclay. 


Tue InstiruTion or British FoUNDRYMEN: Burn- 
LEY Section.—Tuesday, February 7, at 7.15 p.m., in 
the Technical College, Ormerod-road, Burnley, when 
Mr. J. Masters, of Stalybridge, will give a paper on 
“Oil Sand Cores: Methods and Mixtures.” 


Tue InstiruTiIon or Crvin ENGINEERS.-—-Tuesday, 
February 7, at 6 p.m. Paper to be read: “ Hydro- 
Electric Installations of the Barcelona Traction, Light 
and Power Company,”’ by Mr. Horace Field Parshall, 
D.Sec., M.Inst.C.E.; and ballot for new members. Stu- 
dents’ Meeti Thursday, February 9 at 6p.m. Paper 
to be read and discussed, “The Design of Modern Water 
Turbines,” by Mr. E. J. Kingston-McCloughry, D.8.0O., 
D.F.C., B.A., Stud.Inst.C.E. 

Tue InstiruTion OF AUTOMOBILE ENGINEERS. 
Wednesday, February 8, at 8 p.m., at the Institution 
of Mechanical Engineers, Storey’s Gate, St. James’ Park, 
London, §8.W. 1, when Mr. E. L. Bass will read his paper 
entitled ‘“‘ Engine Lubrication.” 


Tue Royat InstiruTion or Great Brirarn. 
February 10, at 9 p.m., a discourse will be delivered by 
Mr. W. D. Halliburton, M.D., LL.D., F.R.8. The 
subject is “‘The Teeth of the Nation.”’” Afternoon 
Lectures, at 3 p.m. : re February 7, Mr. H. H. 
Turner, D.8c., F.R.S., on “ Variable Stars (II) Long- 
Period Variables’; Thursday, February 9, Sir Napier 
Shaw, LL.D., D.Sc., F.R.8., M.R.I., on “ Droughts and 
Floods” (Lecture II); Saturday, February 11, Mr. 
Ernest D. Selincourt, M.A., D.Litt., on ‘“‘ Humorists of 
the Seventeenth Century (II) Thomas Fuller.” 


Tue Instirurion or Locomortve ENGINEERS: 
MANCHESTER CENTRE.—-Friday, February 10, at 7 p.m 
at the College of Technology, Manchester, when a paper 
will be coal Sy Sir Henry Fowler, entitled “ Steel for 
Locomotive Purposes.” 

Tue Krivxo’s Cortece ENGINEERING Society.— 
Friday, February 10, at 5.30 p.m., at the Institution of 
Civil Engineers, the Anniversary meeting will be held. 
The President of Institution of Civil Engineers in the 
chair. A paper will be read by Mr. F. W. Macaulay, of 
Birmingham; on “ Water Engineering.” 

Tue Junior Instirvtion or Enoineers.-—Friday, 
February 10, at 8 p.m., at Caxton Hall. Questions and 
general discussion. 


Friday, 





ACETYLENE Gas AND Oxy-ACETYLENE WELDING. 
The Factory Department, Home Office, have issued a 
small pamphlet (No. 1704) stating the dangers attending 
the use of acetylene gas and oxy-scetylene welding in 
factories, and enumerating the precautions which are to 
be taken in connection with both. 

Instrrute or Marine Enoinerers.—This Institute 
has issued a leaflet calling attention to the scholarships 
and awards in its gift, and stating the dates of meetings 
to be held down to April 28. It also states the dates 
of the student graduates’ and of the Lloyd’s Register 
scholarships examinations. Further particulars can be 
obtained from the Hon. Secretary, 85-88, The Minories, 
London, E, 1. 
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Offices for Publication and Advertisements 
35 and 36, Bedford Street, Strand, London, 
W.C. 2. 

We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
ana that no connection exists between this 


Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIC | “ ENGINEERING,” WESTRAND, 
AppREss [| LONDON. 


TELEPHONE NumpEers—3663 and 8598 GERRARD. 
SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 


For the United Kingdom .................... 3 5 0 
For Canada— 
Thin paper copies ....................+. £218 6 
Thick paper copies ................... £3 3 0 


For all other places abroad— 
Thin paper copies .................000- 0 
Thick paper copies 6 
Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
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THE ORGANISATION 


THe making of munitions during the war 
familiarised most engineering firms with the 
principles of quantity production and taught them, 
as nothing else could, the advantages of work of 
this kind as well as the conditions necessary to 
success. To those whose normal output consists 
of articles which are, or should be, manufactured 
in quantities by standardised methods the ex- 
perience was of direct value. Such firms, however, 
may be presumed to have learned their lessons, and 
we propose rather to consider those others, con- 
cerned normally with general engineering work, 
to which standardised methods of mass production 
are inapplicable. Firms of this kind, which will 
always be in the majority, have reverted to their 
usual work, but the insight which the war afforded 
them, into the extent production is cheapened and 
facilitated by systematic methods of manufacture 
has had its natural effect. It goes without saying 
that the methods of the shell factory cannot be 
applied to the works making varied and complex 
articles, however usefully they may be imitated 
by the manufacturers of piston rings or even motor 
cars. But a feeling remains that something could 
be done for the general engineering works in the 
way of improving the efficiency of its operations, 
and though the problem is vastly more difficult than 
in the case of the repetition shop, even a partial 
solution is better than a confession of hopelessness. 

In examining the problem of systematising the 
operations of the general engineering works, it is 
useful to commence by considering the small 
beginnings of such works as have developed into 
successful commercial undertakings. It will almost 
always be found that their success and progress 
really depended upon the ability of one man. 
He frequently had little or no knowledge of engineer- 
ing as taught in the schools, indeed from the 
scientific point of view he would not be esteemed 
very highly, but he always possessed the rare gift 
of a sound engineering judgment and, above all 
things, he seemed to know almost by instinct how 
much a given job would cost and how long it would 
take to do it. He had, in fact, the ability to “ get 
the work through ” satisfactorily and in accordance 


OF PRODUCTION. 


with his estimates, both as regards cost and time 
of delivery. These are indeed the essential quali- 
fications of any successful works manager. Unless 


95 | they are at the command of a firm, it is bound to 


fail under the stress of competition, no matter 
how technically perfect its designs nor how excellent 
its workmanship. 

When a firm, however, exceeds a certain and 
very moderate limit of size, the task of keeping 
track of all that is going on in the shops and of seeing 
that all component parts are either purchased or 
manufactured in time to enable promises of delivery 
to be kept exceeds the capacity of the brain of any 
one man. Work, moreover, must go on in his 
possible absence, and so he begins to delegate 
responsibility to others, and some sort of system 
is evolved of keeping records without which the 
works would degenerate into a hopeless confusion. 
These tend to become more and more elaborate as 
time goes on, but with all their elaboration they are 
frequently inapplicable to current conditions of 
work which may be vastly different from those 
obtaining when the system was devised. The 
tendency towards conservatism is especially strong 
where records are concerned, and so inadequate may 
the latter become, that in all too many works 
it is necessary to make personal inquiries among the 
shop foremen when information is wanted as to the 
condition of the material for a certain contract. 
This, of course, should not be. It is no business 
of the foremen to make up for the delinquencies 
of a system of records, and no management can 
properly direct the work of the shops if it is necessary 
first to make inquiries in the latter to find out how 
things are going on. 

Asudden realisation of this fact has occasionally 
caused firms to endeavour to remedy matters by 
importing into their establishment some complete 
and highly-finished system which has been found 
successful elsewhere or which represents the last 
thought of some self-constituted expert in business 
organisation. As a rule any such action will 
inevitably end in failure, either because the system 
is inappropriate, or more generally because nobody 
has the time or the patience to understand it pro- 
perly and use it effectively. Getting the work out 
is considered more important than the filling up 
of forms, so the system becomes short-circuited, 
despised and finally ignored. Its failure is due 
really to the fact that it is an alien growth trans- 
planted when fully developed to an uncongenial 
soil. The merit of any system does not depend 
so much on the details, as on the way in which it is 
carried out. ‘“ For forms of government let fools 
contest; whate’er is best administered is best.” 
This is not to say that some systems are not better 
than others, the truth of the maxim being justified 
by the fact that the best systems are those which 
are the easiest to administer effectively. 

There are two features which characterise all the 
systems of works records which really give ‘satis- 
faction. In the first place they provide definite 
information on all matters upon which information 
is essential to the management, and they will also 
be found to have been developed in the particular 
establishment in which they are in force. These 
characteristics alone are sufficient to indicate the 
course to be adopted in any works in which it is felt 
that an existing system is inadequate or has outlived 
its usefulness. Instead of deciding to import 
somebody else’s methods, with the almost certain 
result of causing administrative indigestion through- 
out. the factory, it is better for the manager to 
determine deliberately for himself, what are the 
exact questions upon which he wishes information 
to be available. It is a sound general rule that 
no fact is worth recording unless it may be useful 
as the basis of some executive act, either then or 
in the future. To acquire knowledge for its own 
sake is commendable in certain circumstances, 
but useless facts are worse than superfluous in the 
records of a firm. They involve time and expense 
in their collection, and discredit the system by 
smothering the wheat with valueless chaff. The 
decision as to what are the essential facts to be 
recorded is not one to be taken hastily, and the 
conclusion is likely to be different in different 
factories. When once it is made, there is estab- 
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which by reason of its simplicity and direct useful- | 


ness will be easily and sympathetically maintained 
by those upon whom its proper functioning depends. 

Something of this kind can obviously be done 
in every works, no matter how varied its products 
nor how intricate its contracts. Indeed, the less 
the work partakes of the nature of routine, the more 
important it becomes for the manager to be able 
to ascertain at any time the exact position with 

to any contract. He must know not only 
whether, when, or where all outside components 
and material have been ordered, but whether they 
have arrived or are likely to arrive in time for his 
contracts to be completed at their guaranteed dates. 
A similar check must be possible on the progress 
of all important parts through the shops. Material 
must not be ordered or put in hand unnecessarily 
early, as otherwise valuable capital is uselessly 
locked up. Again it is essential to know very 
approximately what will be the state of affairs 
and the work in hand months ahead, so that fresh 
contracts may be entered into with the certainty 
that the promised deliveries can be made. All 
these requirements are only possible with a good 
and well-thought-out system of record keeping, 
devised for each particular works and forming 
a living and adaptable part of the organisation. 
As an example of what could be done in this way 
by a firm whose products are of great variety and 
whose contracts cover long periods and involve 
large staffs of men being employed far from the 
direct supervision of the works, Mr. J. W. Curtis, 
A.M.I.Mech.E., described the system employed 
by Messrs. West’s Gas Improvement Company, 
Limited, in a paper on the “ Organisation of Pro- 
duction,” read last Friday night before the Man- 
chester Association of Engineers. 

We do not propose to describe this particular 
system, as we do not imagine it could be usefully 
transplanted elsewhere in its entirety. Systems, 
as we have already pointed out, rarely flourish 
except where they are born and under the conditions 
which they were devised to meet. But nevertheless, 
as a clear and full account of one way to keep track 
of contracts through the drawing offices, shops, 
and erectors’ hands, we commend it to all who are 
interested in works management. A special feature 
of the system is the method of planning the work 
ahead as soon as a contract is booked. This 
serves as a time-table for all departments, and 
ensures, as far as anything can do, that work shall 
be done at just the particular time which will avoid 
tying up capital and yet will provide against any 
delays. As was pointed out in the discussion, it is 
vastly more effective to get work out to time by 
exercising foresight, than by employing “ chasers ” 
to go round and worry any foreman whose depart- 
ment is keeping somebody else waiting. The ideal 
to be aimed at is that of a railway company with 
regard to its trains. These are despatched on 
schedule from various points, with a sufficient 
time allowance to ensure their arrival at successive 
stations when they are to be expected. The general 
manager does not worry himself about their pro- 
gress, for no serious discrepancy between promise 
and performance can occur, and quite subordinate 
officials of the company can deal with minor causes 
which might result in delay. It will never be as 
easy to get work through the shops as certainly 
and promptly to time as a railway can move traffic, 
but only by working to a systematic programme can 
deliveries be properly adhered to, and work turned 
out in the shortest time and at the least expense. 





SOAP FILMS AND MOLECULAR FORCES. 

Tue 1922 session of the Foyal Institution evening 
discourses was opened on Friday, January 20, 
by Sir James Dewar, F.R.S., Fullerian Professor 
of Chemistry to the Institution. Sir James has 
delivered the first of these discourses almost with- 
out interruption for a long series of years. Intro- 
ducing his lecture just mentioned, he said that, 
when he had reverted, two years ago, to his old 
love, low-temperature research, he had hoped to be 
able to continue that line of research. Unfortu- 
nately the resources of the Institution had not 
improved, and he had to content himself with 
experiments not requiring more expensive materials 
than soap and water. Though certainly sympa- 








thising with Sir James and regretting that the 
important low-temperature work has to be inter- 
rupted, members were delighted to hear more 
on “Soap Films and Molecular Forces,” and to see 
the novel beautiful demonstrations to which soap 
films lend themselves. 

When Sir James had kept soap bubbles and 
black films, 4 m. in diameter, intact for months, a 
few years ago, he had pointed out that purity of the 
air and absence of all dust, were as essential for the 
long life of the films as freedom from concussion and 
from temperature and pressure variations. He now 
dealt first with the rate of the formation of the black 
film. The bubble or film first appeared coloured ; 
it thinned out and became colourless as the excess 
of liquid drained away. That liquid collected at the 
bottom of the bubble and near the supporting ring 
or tube wall, in the so-called Gibbs layer or ring, 
named after the great American physicist Willard 
Gibbs in honour of his work on heterogeneous 
equilibria. We shall presently explain the signifi- 
cance of the Gibbs layer. Passing rapidly through 
a large number of slides, exemplifying the difficulties 
of the measurements and the varied conditions of 
temperature, soap concentration, bubble size, etc. 
studied, Sir James showed that the rate of the 
spreading of the black film might be very slow ; it 
took 75 days in the case of a big bubble, at the rate 
of 0-5 cm. per day. Big bubbles were best suited 
for these studies because in them the continuous 
contraction of the bubble was relatively less 
noticeable than in smaller bubbles. To acceler- 
ate the drainage threads of cotton, glass rods 
(fluted on the outside so as to provide capillary 
channels) or steel needles were bodily moved through 
the films ; with the aid of magnets the steel needles 
could even be drawn through horizontal films in 
vertical tubes. 

In these experiments the air in the flask or tube, 
in which the bubble was produced, was mostly at 
atmospheric pressure. In order to study the rate 
of descent of a black horizontal film in its container 
tube, Sir James exhausted the tube by means of a 
molecular air pump. There would be soap solution 
in the bulb at the bottom of the tube, and the 
descending film would have to fall against the 
vapour pressure of that solution. The films were 
permeable to gas and water vapour, and water 
evaporated from the surface of the film to be re- 
condensed on it. The film movement was extra- 
ordinarily sensitive to temperature changes. When 
the space below a film was exposed to the rays of the 
lantern, the film was driven up the tube by the 
expanding vapour below it ; the tubes had hence to 
be placed in vacuum jackets, lest the mere approach 
of the experimenter should disturb the temperature 
equilibrium. In order to lessen the resistance which 
the vapour in the lower portion of the tube opposed 
to the descent of a film (the piston effect), Sir James 
made use of double tubes, a long tube with the bulb 
at its bottom enclosing a shorter tube (held in 
position by springs) open both at the top and bottom. 
In such a double tube he could produce an annular 
film (between the two tubes) and a more stable 
central film (in the inner tube). The latter film 
was more regular in its descent, which was seven 
or eight times faster than that of the annular or 
ordinary film. If the tube were not truly cylin- 
drical, the film would be drawn towards the narrower 
portion, at a quicker rate; in this way one might 
in fact test for deviation of a tube from the true 
cylindrical shape. 

The problems, Sir James explained, were of the 
nature of capillary phenomena and of the rise of 
liquids between parallel plates, the velocity of the 
rise increasing inversely as the square of the distance 
between the plates. Hence the phenomena became 
more important as we approached molecular dimen- 
sions. The Gibbs layer formed a tiny channel of 
liquid round the supporting ring or tube of a bubble 
or film. In this layer the pressure was below 
atmospheric, and if the ring were held vertical, 
the pressure minimum would be at the top. A 
vertical section through a horizontal film would 
practically be a straight line, of the film thickness, 
opening out into a calyx with curved sides at both 
ends. When the film was held vertically, the upper 
calyx would be shorter and its curvature greater 
than at the lower end. Liquid was constantly being 








drained from the centre of the film into the ring, 
to leak down the bubble or the supporting tube of 
the film. A black spot hence formed first near 
the centre of a film and then spread outward. 
When a bubble was hanging down from a ring, 
gravity supported the draining, and the rate of the 
advance of the black boundary was first rapid and 
slower later on. When the bubble was poised on a 
ring, the rate of the fall of the black boundary was 
first slow but subsequently accelerated. When a 
bubble was supplied with two Gibbs rings, one 
above, one below, the rate was a linear function of 
time. 

Passing to the question of the thickness of films, 
Sir James pointed out that the black films them- 
selves were not of uniform thickness. Sir James 
had counted five orders of black in his films some 
years ago: Perrin distinguished 38 grades of black 
and grey in his films, and the films were not chemi- 
cally uniform either. 

Lord Raleigh had calculated the minimum 
thickness of oil films to be 1-3 » u, such a thickness 
being of the order of molecular dimensions. But 
the thinnest films showed a remarkable stability 
and mechanical strength. It was demonstrated that 
even drops of liquid air would not break a black 
film unless striking it with excessive violence. 

The most brilliant experiments of the evening 
were those which showed the effect of an air jet on 
black and coloured films. Air was introduced, at a 
pressure of a few inches of water, into a film, partly 
black and partly white. The air pressure first 
drew the film out as if it were a highly elastic 
membrane, and then churned the whole into a 
black and white mass which settled into the original 
film again on stopping the air. When a coloured 
film, showing a black and white band at its top, 
was agitated in this way, well-defined and rapidly- 
rotating vortices developed on each side of the 
line of action of the jet. The colouring was brilliant, 
and the substantially symmetrical disturbances 
had the appearance of the wings of some magnificent 
butterflies. It is impossible to convey by words 
the beauty of the colouring. The vortices drained 
the liquid off leaving a black spot on either side of 
the nozzle, and these experiments are not without 
importance for the engineer. So was also another 
demonstration. A drop of oil was put on a surface 
of clean water. The drop spread into a coloured 
film in turbulent motion which rapidly turned into 
a steady grey film. When another drop of oil was 
put on this grey or black film, the oil did not spread 
at all. That shows that a black film, possibly of 
molecular dimensions, may play a part in lubrica- 
tion. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
MANCHESTER SECTION. 


As it was found impossible, in view of other 
business, to read and discuss the paper on “ Some 
Observations on a Producer Gas Power Plant ” 
at the London meeting of the Institution on 
January 20, as had been arranged, the Manchester 
Section was the first branch of the Institution before 
which the subject was brought for consideration. 
The discussion at Manchester took place in the 
Memorial Hall, on Thursday, January 26, Mr. 
William Fox, Chairman of the Section, occupying 
the chair. Unfortunately, neither of the joint 
authors of the paper, Messrs. H. 8. Denny, C.B.E., 
and N. V. S. Knibbs, B.Sc., were able to be present, 
so at the request of the Chairman, the paper was 
read by Mr. Dempster Smith, the local secretary. 
We commenced the publication of the paper on page 
119 of our last issue. 


Some OBSERVATIONS ON A PropucEeR Gas 
PowER PLANT. 


The discussion was opened by Mr. Roland 
Wollaston, who expressed his regret that the authors 
were not present, as he would have preferred to 
confine himself to asking questions rather than 
giving opinions. He stated that, if it was per- 
missible, he wished to send a written contribution 
to the discussion in the form of a series of interro- 
gations, to which he hoped the authors would reply 
in due course. The paper was one of the most 
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valuable read before the Institution for a number of 
years. As arule, authors read papers on some plant 
in which they had a special interest, and therefore 
made it show up as well as possible. But it was 
quite evident that the authors of this paper were 
absolutely unprejudiced. They had just gone to 
the plant, taken a series of tests, and so far as a gas 
plant was concerned, written a story of “ ghastly ” 
results. These results were most valuable, especially 
those recorded in diagrams Figs. 5 and 6 (see page 121 
ante) inasmuch as they indicated what not to do. 

Mr. Wollaston mentioned the plant erected at 
Sheepbridge Colliery, which was simply intended to 
recover sulphate of ammonia from coal which in 
those days was practically unsaleable. The results 
obtained from this plant were infinitely better than 
those given in the paper. As a matter of fact the 
latter results were the worst he had ever seen in 
connection with a Mond recovery plant. He under- 
stood that the authors were chemists rather than 
engineers, and were not in any way responsible 
for the running of the plant. 

The speaker stated that for a number of years he 
had been working on patents with the idea of 
eliminating many of the defects in this plant shown 
by the charts and subject matter in the paper. 
For example, the authors had made a great point 
of the bad results due to poor efficiency in the 
boilers. In his opinion in a pliant of this type 
boilers were not necessary. There was enough heat 
radiated from the producer and in the outgoing gas 
to raise all the steam needed, and the figure in dia- 
gram Fig. 5 given as 20-8 per cent., and that given 
in Fig. 6 as 30-6 per cent., could practically be 
wiped out altogether. Mr. Wollaston thought that 
in the Mond plant the immense amount of steam was 
added for purely physical, not chemical reasons, 
as only a small proportion of the steam became 
gasified, and that proportion was responsible for the 
high hydrogen which the authors suggested was 
obtainable in the gas. He believed and hoped to 
be able to demonstrate within a short time that a 
recovery gas giving better recovery results than 
those shown in the paper could be obtained with a 
gas of chemical composition very closely resembling 
ordinary non-recovery producer gas. The tre- 
mendous volume of steam was added solely to pre- 
vent too high temperatures being reached in the 
producer. 

Mr. Wollaston was very grateful to the authors 
for the simple, straightforward way in which they 
had recorded the results, as bad results emphasised 
more clearly where there were possibilities of 
economy. With regard to the question of economy 
of gas in large stations, he thought that the days 
of the possibilities of the gas engine for large stations 
had gone by, unless there was something in sulphate 
of ammonia recovery. He stated that in modern 
steam stations a kilowatt-hour was being generated 
for an expenditure of about 17,000 B.Th.U. in the 
coal, which results he did not think could be beaten 
by any gas engine installation. Taking into 
account the fact that the gas power station must 
necessarily have heavier capital charges than the 
steam power station, unless there was something 
to be obtained from a by-product recovery, Mr. 
Wollaston did not see any hope for the gas power 
station in competition with the steam power station 
in the future. He did not mean, however, that 
there was not a large field for gas engines in other 
directions. 

Mr. Wollaston thought the paper was a magnificent 
tribute to the success of a Manchester engineer— 
Mr. Stead. There was no doubt that amongst the 
high-power gas engines which could claim to be of 
British origin this type of vertical gas engine was of 
outstanding success. The speaker added that he had 
a plant, very nearly complete, which had been 
erected purely for demonstration purposes, and 
although he was inclined to be pessimistic and did 
not wish to boast about the results to be obtained 
by this plant, yet he was hopeful that in it some of 
the most serious defects of the producer-gas power 
plant would be eliminated. 

Mr. Drummond Paton considered that the authors 
had not made a very good case for one of the means 
whereby the low-grade material from the mines in 
this country could be used. It would be well, 
however, to accept the result as it had evidently 
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matured in this case, so that one could have an 


absolutely solid basis of minimum value conditions, 
although reports which were available from other 
sources showed very much better returns on the 
same basis of operation. The writers had stated 
that this laboratory was highly organised, com- 
prising both chemical and engineering staff. Un- 
fortunately the speaker had not noticed a single 
reference to micro-structures, which were in his 
opinion, very much more valuable in regard to 
physical behaviour in retorts and gas producers 
than either chemical returns or engineering accuracy 
in operation. He could supply the writers with six 
illustrations of coals which had virtually the same 
chemical analysis (according to the established 
chemical standard), but which under the microscope 
showed entirely different formation and grouping 
of the constituents of the coal. It is this phase of the 
physical structure of the coal which has to be care- 
fully studied so as to establish correct operation in 
the producer. Again, the authors said that the coal 
they were using was not of the best quality, and that 
the results would have been better if they had had a 
better coal. But if producers as operated by them 
could not tackle this material, then how would they 
effect successful operation with low-grade materials ? 
Those low-grade materials had already been success- 
fully used by ordinary operators, and would have to 
be successfully utilised in the future when the 
national mining systems would bring into the market 
a material which previously had been lost to the 
country. Normally, a producer contractor receiving 
a specification of coal as cited would consider the 
proposition an easy one, and ask for nothing better 
in the way of coal to operate on. As research 
engineer to George Westinghouse and superintendent 
of the Gas Producer Division of the Westinghouse 
Machine Company, Pittsburgh, about fourteen years 
previously, Mr. Paton had to tackle the gassification 
of a coal somewhat similar to this, but possibly 
more accentuated in its tar-producing qualities, 
the objective being a producer for transatlantic 
service combined with the gas turbine. The method 
was to invert the supply of coal. Instead of feeding 
the coal from the top, the coal was forced in, under 
pressure, at the bottom of the producer charge. 
Under these conditions the saturated gases had to 
pass through an incandescent carbon zone, and in 
the gas obtained in the first stages of the cycle 
of operation tar was an unknown quantity. This 
was all right until the third day, when it was realised 
that having inverted the feed they had also inverted 
the ash bed. By the fourth or fifth day of operation 
there was a clinker bed varying from 3 in. to 6 in. 
in the middle and 9 in. to 15 in. at the side of the 
producer. This eventually formed a tight canopy 
which it was impossible to remove. Various 
suggestions were made with a view to get free ash 
formation, and the removal of the ash by an annular 
return down the outside of the gasification chamber. 

The question of hydrogen action in gases has been 
frequently referred to, and this was a matter on 
which extensive investigations were also made by 
Mr. Paton’s firm in regard to the linear velocity 
of ignition of gasses in which hydrogen was present 
in varying quantities. The best explanation of the 
behaviour of this gas can be obtained by a study 
of Professor Dixon’s work on “ Explosion in Tubes,” 
at Manchester University. It was generally assumed 
that gas was ignited from the point of ignition and 
that combustion progressed towards the end of the 
chamber. The fallacy of this idea was quite 
apparent if one studied the ray projection and 
retonation curves and the zones of initial incan- 
descence by the crossing of these rays. Again, 
there seemed to be a feeling that carbon was the 
desideratum of all producer work, and the hydrogen 
and hydrocarbons seemed to have a field of their 
own. This was apparent to the writer fourteen 
years ago and was again developed by him twelvé 
years ago in a paper on “Small Coal or Dust, 
its Production, Prevention and Utilisation.” In this 
paper it was suggested to utilise the coal primarily 
for the extraction of its hydrocarbon content as oil 
and to pass forward the residual into the producer 
for the final gasification and ammonia recovery. 
As a matter of fact, a 34-ton Leyland lorry fitted 
with Parker gas producer was running in London 
at 250 lb. of such fuel for a 100-mile day, and he 





had every hope that the development of gasification 
in the future would lie along these lines. In fact, 
the findings of the author in his general conclusions 
suggested solutions of this type which had been 
long forecasted by the speaker, mainly from in- 
vestigations-of coal structure and composition under 
the microscope with Lomax sections. 

Mr. J. A. Fielden thought the paper an excellent 
one, and regretted that the authors were not present 
to answer the various questions he would have liked 
to put to them. He emphasised the point brought 
forward by Mr. Wollaston that the authors were 
quite evidently disinterested parties. He also 
pointed out that the results given were not those 
of merely a week’s test taken when the plant was 
first installed, but of a commercial test, taken over 
a number of months, and on that account he thought 
the figures were the most valuable over published. 
As the authors had remarked in the paper, the 
mechanical arrangements were poor and the lay-out 
bad. He had noticed the statement that producers 
of 10 ft. 6 in. diameter were supposed to gasify 1 ton 
of coal per hour. He, the speaker, had had con- 
siderable experience of producers, but would never 
expect a producer of those dimensions to gasify one 
ton of coal per hour, and did not think this could be 
done commercially, The authors also stated that 
16 tons per day was the best average, but by forcing 
the producers sometimes 19 tons could be obtained, 
though under these conditions the quantity of 
ammonia recovered was low, and the quality of the 
gas was poor. These figures justified his statement 
that the producers were greatly over-rated. 

Mr. Fielden agreed with Mr. Wollaston with 
regard to poor efficiency, and thought that steam 
boilers ought to be cut out. He would also like 
to cut out the sulphate of ammonia recovery and 
see what the plant would do then. He noticed that 
it was stated in one test that 913 tons of coal were 
actually gasified and 242 tons were wasted in the 
boilers. Mr. Fielden was surprised that tests had 
not been made with the plant operated as a non- 
recovery plant, as this was a very simple matter. 
The ammonia recovery part had to be left out and 
the plant worked with the small amount of steam 
actually required for gasifying the coal. In that 
way, by taking 1 Ib. of coal as 12,500 B.Th.U. only 
? lb. water was needed. To evaporate this 1,116 
B.Th.U. would be required, and the heat of the gas 
from the plant would give all the steam necessary. 
Thus the plant could be worked without the boilers. 
Under present-day conditions, Mr. Fielden thought 
the ammonia recovery plant would not pay at all, 
even when working 24 hours a day and 7 days a 
week. During the war the price of sulphuric acid 
went up, also wages, and the cost of the plant, but 
the price of sulphate of ammonia did not go up in 
proportion. The figures of costs given in the paper 
were far below what the cost would be to-day. 
It was stated that the plant cost 60,000/., whereas 
it ought not to have cost more than 45,000/., but 
the engines, at such a low figure were almost given 
to them, and were about half the present price. 
Taking into account these high costs, 6 per cent. 
interest on capital, and 5 per cent. depreciation on 
the whole of the plant, including buildings, Mr. 
Fielden calculated that working 24 hours every 
day in the year. the cost would be too high for 
practical purposes. 

Mr. Fielden had very little adverse criticism to 
make, but he took exception to the method of 
calculating the amount of gas by sulphuric acid 
solution. This was done by analysing a portion 
of the gas passing through a weak solution of 
sulphuric acid, and calculating from that the amount 
of gas going through. This method presupposes 
ideal conditions of ammonia recovery. With 
regard to the list of temperatures, given in the 
paper, these are condemned at once. It was 
stated that the temperature of the gas leaving 
the producer was 1,054 deg. F., whereas it was 
well known that 900 deg. F. was a fairly good 
temperature for sulphate of ammonia recovery, and 
at the higher temperature much of the ammonia 
is déstroyed. With regard to pre-ignition, some- 
body had suggested that hydro-carbons were the 
cause, but in Mr. Fielden’s experience, hydrogen 
itself was the cause. A high hydrogen content 
with a high compression gas engine would cause. 
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pre-ignition, and methods had been adopted for 
actually diluting the gas going to the engine. 
Mr. Fielden quite agreed with the results and conclu- 
sions arrived at by the authors. He had been asked 
to advise on a few thousand horse-power ammonia 
recovery plant, and had gone very carefully into the 
figures. The results he obtained were approxi- 
mately the same as those given by the authors, and 
he recommended the scrapping of the plant and the 
substitution of ordinary suction plant, by means of 
which 1 h.p. per hour could be obtained from 12,000 
B.Th.U. in the coal itself. 

Dr. T. B. Morley stated that he was interested 
in the performance of the exhaust gas boilers in 
connection with the gas engines. From the data 
given in the paper he had calculated the weight of 
exhaust gas per brake horse-power hour, and the 
rate of flow through the boiler tubes. Using the 
constants for heat transmission in flue tubes estab- 
lished by Lawford H. Fry, he found that the probable 
temperature of the gases at the exit from the boiler 
would be 430 deg. F. From the weight of gases, 
their specific heat and the fall of temperature in the 
boiler, the heat given up by them was then calcu- 
lated and was found to be sufficient to evaporate 
1-65 lb. of water from and at 212 deg. F. Even 
though no allowance was made for external heat 
losses, this figure was considerably below the 
evaporation figures in the paper. 

He did not think that uncertainties in the data 
for heat transmission were sufficient to account 
for the discrepancy, and suggested that the tempera- 
ture of the exhaust gases leaving the engine might 
be higher than that recorded in the tests, or perhaps 
the ratio of air to gas supplied to the engine was 
underestimated by the authors. An increase in the 
air ratio would increase the heat given up in the 
boiler in a more than proportionate degree since 
the increased amount of gas would mean an increased 
speed in the boiler tubes and a somewhat lower exit 
temperature. It would have been of interest had 
this exit temperature been measured as it would 
have thrown light upon this point. 

It had to be borne in mind that in these boilers 
unlike ordinary boilers with limited draught, the 
amount of gas passing through the tubes was fixed 
by the gas engine, and it could be forced at high 
speed without undue increase of back pressure at 
the engine, so that a high rate of heat transmission 
was quite feasible. 

He thought that the figures sometimes claimed 
for the evaporation in exhaust gas boilers required 
to be regarded critically, as they might indicate 
that the gases were leaving the engine with an 
excessive amount of heat in them, and that conse- 
quently the engine efficiency was less than it ought 
to be. That remark must not be taken, however 
to apply to the case described in the paper, but to 
statements which had been published elsewhere, 
in which the evaporation has been said to be as high 
as 2-25 lb. per brake horse-power hour, but nothing 
was said as to the efficiency of the engine itself. 
Dr. Morley did not wish his remarks to be considered 
as disparaging the exhaust gas boiler. On the 
contrary, he believed it was an appliance very 
much to be recommended. 

Mr. J. Paton had read the paper with great 
interest, but said he could not accept the results 
as indicating what a properly-designed recovery gas 
plant would do. The results made him wonder if 
the plant was run under the conditions for which it 
was designed. He presumed the authors were aware 
of the results which had been obtained with many 
other similar plants in this country, and it was 
therefore rather curious that they had not given 
any indication of their opinion as to why this par- 
ticular plant gave such poor vesults. He asked if 
the plant was run under the conditions for which 
it was designed, and also if the coal was of a caking 
nature. 

Mr. Paton had run ammonia recovery gas plants 
for years and never had any trouble in obtaining 
gas having a calorific value of 140 B.Th.U., and at 
the same time getting a high recovery of sulphate 
of ammonia. The plants to which he referred .were 
at Sheffield, Dalmuir and Glasgow. He stated, 
however, that his experience with these plants was 
before the war, and he thought it would be admitted 
that on the whole the quality of the fuel was not 





so good as it had been then, but nevertheless the 
plant described in the paper did not appear to have 
done any better prior to 1914. 

The speaker had not had much time to look up 
figures, but from his notes made the following 
statements: Two ammonia plants, each consisting 
of 12 producers which the firm with whom he was 
connected erected at Glasgow, gasified during the 
year 1908, 91,657 tons ; of this quantity 81,400 tons 
was double nuts, and 10,254 tons dross or slack ; 
the sulphate of ammonia recovered during the year 
was 3,603 tons, 4 cwt., or 88-05 lb. per ton of coal, 
the calorific value of the gas was not less than 
140 B.Th.U., and the average was nearer 145 B.Th.U. 
The gas was used in steel melting and reheating 
furnaces. At another plant erected in Sheffield 
in 1908 the yield of sulphate of ammonia during 
the first year was about 90 lb. He was unable to 
give later figures. He visited this plant about a 
year after it was started up, and for three weeks 
immediately preceding his visit they had gasified 
2,626 tons, while the fuel used at the boilers which 
supplied the whole of the steam required for the 
recovery plant was 445 tons, or 17 per cent. of the 
fuel gasified. These figures were very much better 
than those given by the authors, and he thought 
they could be verified by results obtained with a 
large gas plant at the Castner-Kellner Alkali 
Company’s Works. The plants Mr. Paton referred 
to were still running. It should be noted that the 
average quantity of nitrogen in the fuel used on the 
above plants would not exceed 1-3 per cent., and 
also that gas of a good calorific value had always 
to be obtained otherwise there would have been 
trouble with the steel melting furnaces. 

The statement giving the yield of ammonia as 
76 lb. per ton over a period of two years when 
the plant was being run for the maximum yield 
of sulphate of ammonia, seemed to prove definitely 
either that the fuel had not been suitable for 
use in by-product producers, in other words it 
had been a coking coal, or the plant had not 
been properly designed or run. He referred to 
the efficiency of the plant, including the boilers. 
The average efficiency of the boilers was given 
as 45 per cent., and the efficiency of the gas 
plant as 58-2 per cent. During the week’s test 
referred to it is stated that the coal fired to 
the boilers was 242 tons, and in addition steam 


was supplied from exhaust boilers amounting 
to 1,420,000,000 C.H.U. Calculating from the 


figures given this latter quantity of steam was 
equivalent to 91 tons of coal used on the coal-fired 
boilers, so that if this test had taken place before 
gas engines were installed 333 tons of coal would have 
had to be burned in the boilers to provide steam 
for the plant. This represents 36-5 per cent. of 
the fuel gasified and compares with the figure stated 
for the Sheffield plant of 17 per cent. The authors 
had stated that before gas engines were installed 
the gas was used in boilers. What quantity would 
have had to be gasified so as to give steam equivalent 
to that raised with 333 tons required during the test ? 
If it was assumed that this coal was burned in 
boilers having an efficiency of 70 per cent., the 
quantity of coal which would have to be gasified 
to provide an equivalent quantity of steam would 
have been 333 x a x aay = 890 tons. It would 
be noted that the total quantity of fuel gasified 
was 913 tons, it was therefore apparent that (1) if 
the quantity of steam stated by the authors was 
used, (2) if the gas plant was run at an efficiency 
of 58-2 per cent., and (3) if the gas produced was 
used in gas fired boilers having an efficiency of 45 
per cent. almost the whole of the gas produced would 
be required to keep the plant going in steam. If, on 
the other hand, it was assumed that the coal actually 
required during the test had been burned in boilers 
having an efficiency of 60 per cent., the above figure 
of 890 tons would have been reduced to 762 tons. 
Very much better results than these had been 
obtained. Mr. Paton knew of one plant consisting 
of 24 producers where the steam was supplied by 
four gas-fired Stirling boilers having a total heating 
surface of 33,120 sq. ft., and these boilers also 
supplied steam to a tyre mill while the gas from 
the plant was used in a large range of melting and 
reheating furnaces. 





Mr. Paton also stated a figure for the coal used 
in certain boilers for producing steam from a plant 
at Sheffield, and from this figure the quantity of 
fuel necessary for gas-fired boilers could be calcu- 
lated. In all the plants with which he had been 
connected it had not been possible to sacrifice the 
quality of the gas for ammonia, as in addition to 
gas engines a large number of furnaces had to be 
kept going, but he stated that it was quite possible 
to obtain gas having a calorific value of 140 B.Th.U. 
per cubic foot, and to obtain a recovery of 90 Ib. 
of sulphate of ammonia from reasonably good fuel, 
if the fuel contained 1-3 per cent. of nitrogen. On 
the other hand, if the fuel was slightly caking, 
or if it contained a large proportion of fines, the 
quantity of sulphate of ammonia recovered would 
be slightity reduced. As the authors had stated, it 
was very difficult to get the efficiencies of large 
gas-producer by-product plants. He had checked 
the volume of gas in various ways, chiefly by 
anemometers and by the acid ammonia test referred 
to by the authors. His tests confirmed that the 
volume of gas obtained was from 125,000 cub. ft. 
to 130,000 cub. ft. per ton. Calorific value averaged 
140 B.Th.U. per cubic foot from coal having a 
calorific value of 11,500 B.Th.U. per pound. These 
figures corresponded to an efficiency of about 70 per 
cent., calculating on the cold gas lower calorific 
value. 

Mr. Paton could not understand the remarks 
with regard to the method of running the pro- 
ducers. The authors spoke of getting a good 
gas from a “ thermal and recovery point of view,” 
and they said “ when the fuel level of the producers 
was low and when the coal was exceptionally free 
from dust a good gas from all aspects was for a 
short time produced.” He quite agreed with their 
remarks regarding dust, but it was well known that 
to obtain the best recovery results a considerable 
depth of fuel was necessary, and his experience was 
that when the fuel level of the producers was low 
a good gas from all aspects could not be obtained. 

The authors referred to the “‘ Moore” plant, 
and Mr. Paton thought perhaps a few particulars 
of this plant would be interesting. Only four 
of these producers were installed during the war 
period, in one case a firm who had two pro- 
ducers added a third, and at a later date, a 
fourth. As the authors had stated, however, 
relative values did not make recovery plants 
attractive at the present time, which largely 
accounted for the fact that few of these plants 
had been installed. The Moore producer was ovoid 
in section. The 15-cwt. per hour size in the com- 
bustion zone measured 12 ft. by 6 ft.; the 10-cwt. 
size 9 ft. 3 in. by 4 ft. 10 in., and the 7}-cwt. size 
8 ft. by 4 ft. The producers were water-jacketed, 
and the 15-cwt. per hour size required 1-25 lb. of 
steam per pound of coal gasified to give a yield 
equivalent to 80 lb. of sulphate of ammonia in the 
gas. The 10-cwt. size required 1 Ib. and the 7 }-cwt. 
size, 0-9 lb. As 0-6 lb. of steam was recovered per 
pound of coal from the water jacket the steam 
requirements of these plants were very little above 
non-recovery plants. Mr. Moore was able to get 
gas from the producer at a temperature of about 
200 deg. C., and at this low temperature very much 
less dust was carried over than with any other type 
of producer Mr. Paton knew. The gas passed direct 
from the producer into atmospheric condensers, 
which consisted of 4-in. diameter tubes, and these 
tubes had never on any occasion been known to 
choke up. The ammonia was recovered in the form 
of ammoniacal liquor by washing the gas with 
water in ammonia scrubbers. Mr. Paton thought 
the direct type of recovery would have been better, 
as it was simpler, and on the whole the efficiency 
of extraction was higher. 

In connection with the “ Duff” type recovery 
plants, the recovery of ammonia could be very much 
simplified. There were ammonia washers running, 
in which the sulphate was allowed to crystallise 
in a suitable receptacle placed in the washer itself. 
The sulphate of ammonia was therefore drawn direct 
from the washer and put through a centrifugal 
drier so that no evaporating plant was necessary. 
The saving in steam effected by dealing with the 
sulphate in this manner amounted to from 0-2 Ib. 
to 0-3 lb. per pound of coal gasified. Mr. Paton 
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repeated that the results given by the authors 
did not at all represent what could be done with 
ammonia recovery gas plants. 

The chairman, at the conclusion of the meeting, 
expressed his appreciation of the paper and of the 
discussion which it had called forth, and moved 
a hearty vote of thanks to Mr. Dempster Smith for 
reading it, this being cordially awarded. 








NOTES. 
Factory anD WorKSHOP LIGHTING. 

ALTHOUGH much educative work has been done by 
the Illuminating Engineering Society and by manu- 
facturers of lighting appliances, there is still a 
remarkable amount either of ignorance or care- 
lessness displayed in connection with the lighting 
of factories and workshops. Bad lighting does not 
assist output and increases accident risk, while it 
frequently costs as much as good lighting. The 
whole question of artificial illumination in its practi- 
cal aspects is a comparatively simple one, and 
improvement in the lighting of many factories is 
more a question of those responsible displaying 
a little interest in the matter than of anything 
else. It is not to be suggested, however, that the 
average manufacturer already knows all there is to 
know, and the work being done by the Departmental 
Committee on Lighting in Factories and Workshops 
should be of considerable value. As the labours of 
this committee may be expected sooner or later to 
be embodied in Home Office Regulations, they are 
likely to be brought to the notice of the average 
manufacturer in a way that the proceedings of a 
scientific society or the columns of the technical 
press cannot attain to. The committee was 
appointed by the Home Secretary in 1913, and in 
1915 issued a First Report, which we dealt with 
at the time of its appearance. From then until 
the beginning of last year the work of the committee 
was suspended owing to the war. A Second Report 
[Cmd. 1418] has now been issued. It deals with 
questions of “ glare,” “ shadow ” and “ constancy.” 
On the first of these points it recommends that 
every light, unless its intrinsic brilliance is not more 
than five candles per square inch, should be shaded 
so that no part of the filament, mantle or flame 
shall be distinguishable through the shade unless 
it is so placed that the angle between the line from 
the eye to an unshaded part and a horizontal plane 
is not less than 20 deg. In the case of a person 
employed at a distance of 6 ft. or less from the light 
the angle should be not less than 30 deg. This 
regulation is to apply only up to distances of 
100 ft. Glare caused by direct reflection from 
smooth or polished surfaces which an operative 
may have to work at is to be dealt with by suitably 
placing lights or other “adequate means.” The 
recommendation in reference to shadows which 
interfere with safety or efficiency is much the same 
as this latter. “‘ Adequate means ” must be taken 
to prevent them. It may be suggested that this 
is not very helpful, but it is obvious that each case 
of this kind must be taken on its merits. The main 
thing is to bring the subject to the attention of the 
manufacturer. The recommendation in reference 
to “ constancy ”’ refers to flickering lights. Naturally 
it is suggested that they should be forbidden. 


Water Powrer Resources OF IRELAND. 


The development of Ireland is a matter on which 
conjecture would be at the moment little less than 
futile, though most people will hope that that 
country may emerge before long from her diffi- 
culties with a peace which may encourage the return 
of prosperity, and renewed industrial progress. As 
elsewhere (political conditions excepted) the pros- 
pects of industry are in Ireland dependent upon the 
price of power. The coal shortage during the war 
hit Ireland rather severely and turned attention 
towards developments which might make it inde- 
pendent of imported fuel. A report on the coal re- 
sources of the country was issued some time ago. 
Peat has been similarly dealt with, and the water 
resources were the subject of consideration of a Sub- 
Committee appointed under the Main Board of 
Trade Committee on the Water Power Resources of 
the United Kingdom. The work of this Sub-Com- 
mittee formed the subject of an address given before 
the Royal Dublin Society on the 11th of last month 





by Sir John Purser Griffith who acted on the Com- 
mittee as chairman. The Committee’s investigation 
led to the conclusion that about 500,000 continuous 
water horse-power could be economically developed. 
Most of the schemes hitherto proposed for Ireland 
have, in the search for high heads, embodied very 
expensive features in the way of long canals and 
head races. This Committee on the other hand con- 
sidered whether these might not be eliminated by 
the use of smaller units placed at intervals along the 
riverchannels. As funds were not forthcoming for 
avery comprehensive investigation, detailed exam- 
ination was confined to the Lower Shannon, the 
Lower Erne, the Lower Bann, and the Liffey. In all 
these cases multiple station schemes were considered 
to be practicable, and they were thought much more 
economical, in spite of the increase in cost of 
machinery, than any projects yet put forward 
embodying high falls and large stations. They have 
moreover the advantage that they can be developed 
according to a deferred programme, so that capital 
costs need not outstrip too far the demand for 
current. The Committee suggested that several 
other rivers might be considered in the same way, 
and that the mountain lakes of Donegal, Conne- 
mara, Kerry and Wicklow also lend themselves to 
water power development. The investigation con- 
ducted was based mainly on rainfall for the simple 
reason that river gauging records do not exist. Sir 
John Griffith pointed out that in such a case rainfall 
is the only possible guide, as these records are avail- 
able for from 30 to 50 years. It would take at least 
30 years to get sufficient gauging records to be 
reliable, and we join Sir John in hoping that hydro- 
electric development will be firmly established in 
Ireland long before that time expires. 


FURNACES FOR BuRNING Ol SHALE. 

The Esthonian Legation in London, 167, Queen’s 
Gate, S.W. 7, has sent us the particulars of a com- 
petition which is to be open until March 15, for 
six types of furnaces for burning oil shale. The 
furnaces are to be applicable to railway locomotives, 
stationary steam boilers and locomobiles, central 
heating, forges and various metallurgical purposes, 
lime burning, stoves and fireplaces in dwelling- 
houses. The chemical composition of the Esthonian 
oil shale varies, according to the analyses made by 


four local chemists, as follows: Carbon, from 
70 per cent. to 73-4 per cent.; hydrogen, from 
7-2 per cent. to 9-02 per cent.; nitrogen, from 
0-2 per cent. to 1-40 per cent.; oxygen, from 
16-72 per cent. to 22 per cent.; sulphur, from 


traces to 3-9 per cent.’ Other figures published 
by the Ministry and Trade of Esthonia cover three 
classes of shale, the moisture in which varies from 
15 per cent. to 35 per cent., the volatile substances, 
exclusive of water vapour, being two-thirds of the 
organic components, the coke one-third of the same 
components. The ash content is stated, according 
to the class of shale, to vary between 25 per cent. 
and 40 per cent., including 5 per cent. to 10 per cent. 
of carbon dioxide, which is formed through com- 
bustion of calcium carbonate. The heating value 
varies with the class from 2,020 to 4,000 calories 
(3,630 B.Th.U. to 7,200 B.Th.U. per pound), the 
specific gravity being 1-3 to 1-5. Oil shale will be 
supplied at half the market price to competitors 
who require it for tests ; in cases where a furnace for 
burning oil shale is already built, the competitors are 
asked to inform the ministry where tests with the 
said furnace could be carried out. The competitors 
are at liberty to increase the heating value of the 
shale by preliminary drying, breaking, &c., or by 
converting it into generator gas. Detailed drawings 
on a scale not under ,},, together with specification, 
are to be sent to the Ministry not later than the 
above date. Drawings and specifications of appara- 
tus required for preliminary or subsequent pro- 
cesses, and the cost of the complete furnace equip- 
ment together with an estimate of its working cost 
have also to be submitted. Six first prizes, varying 
from 100,000 marks down to 18,000 marks, and six 
second prizes varying from 50,000 marks down to 
9,000 marks, are to be awarded, at the discretion of 
seven Esthonian experts. It is added that the 
awarding of a prize does not in any way affect the 
rights of the inventor, nor does it prevent his 
registering the invention as a patent. Furnaces 
already described in the Esthonian or foreign press, 





or which have already been awarded a prize else- 
where will not be taken into consideration. Further 
particulars may be obtained on application at the 
Esthonian Legation. 


ELECTRICAL AND ALLIED INDUSTRIES RESEARCH. 

Electrical engineering in its modern developments 
on the power station side embraces a large slice of 
mechanical engineering, so that the activities of the 
British Electrical and Allied Industries Research 
Association cover not only electrical work proper, 
but such subjects as turbines and the corrosion 
of metals as affecting condensers. Sections of the 
association are now at work on these two subjects. 
There are 11 sections in all, and an excellent résumé 
of the present state of the investigations, or re- 
searches, of each section is contained in the latest 
quarterly review of progress which has just been 
issued. The section dealing with fibrous insulating 
materials has drafted a specification of methods to 
be adopted in investigating varnished fabrics, and 
the clauses covering mechanical strength are now 
under experimental proof. The development of 
tests for electric strength has indicated the desir- 
ability of a wider series of tests standardised for 
every kind of insulating material. A committee 
is being formed for research in varnishes. The 
section dealing with composite insulating materials 
has prepared a comprehensive publication dealing 
with the tests methods developed by the association 
for such materials, while the section dealing with 
porcelain reports the completion of arrangements for 
porcelain research at Manchester University and 
the National Physical Laboratory. Work on mica 
and micanite has discovered a general lack of 
physical data on certain features of these materials, 
and a research has been instituted on fundamental 
constants. The specification for insulating oils 
which was prepared by the section dealing with 
this subject and submitted to the British Engineering 
Standards Association has met with substantial 
approval, and the final draft is now under con- 
sideration. Work dealing with conductors has 
continued on the heating of buried cables, and 
recommendations have been drafted regarding 
the intermittent rating of cables used on ships. 
The work on overhead line materials has included 
deflection and performance of “‘ A” and “ H” type 
poles inserted in the earth to different depths. 
Cinematograph records were taken of the tests to 
enable the action to be studied at leisure. Tests on 
long-lengths of overhead line wires and cables 
are being pushed to completion. In connection 
with electric control apparatus investigations on 
switching and arcing are to be made with a large 
alternator at Carville power station, and preliminary 
work on the determination of the short-circuit 
characteristics of the machine has been carried out. 
Satisfactory tests have been devised for determining 
the pressures developed in the closed chambers of 
mining switch gear, but in preliminary tests of 
direct-current circuit breakers unexpected difficul- 
ties have been disclosed in arriving at the physi- 
cal constants of shorted circuits. One section is 
dealing with the question of the production of 
synthetic resin in this country. The scope of the 
work includes plans for the supply and production of 
raw materials. 





THE REPAIR WORKS OF THE LONDON 
GENERAL OMNIBUS COMPANY. 


Ir is a remarkable testimony to the improvements 
effected in the methods of operating motor omni- 
buses in London during the past fifteen years, that 
in the early days, when only a few such vehicles 
were in use, breakdowns were of frequent occur- 
rence, whereas at the present time, although about 
3,000 omnibuses are employed by the London 
General Omnibus Company, it is only on very rare 
occasions that one is seen broken down by the 
roadside. This is of course largely due to improve- 
ments in the design of the vehicles made as the 
result of experience gained, but another very 
important factor is the system by which each 
vehicle, after a year’s service, during which it 
covers about 30,000 miles, is subjected to a com- 
plete overhaul. By this means, worn parts are 
replaced and incipient defects discovered and 
eliminated before they cause trouble on the road, 








146 


ENGINEERING, 





[ FEB. 3, 1922. 








Consequently it has been possible to reduce the 
lost mileage due to breakdowns in service to 0-03 
per cent. for the year 1921—an extremely low 
figure, especially when we consider the arduous 
character of the service which the London motor 
omnibuses are called upon to perform. 

The work of overhaul of the vehicles belonging to 
the London General Omnibus Company was formerly 
carried out in between 30 and 40 garages situated 
in various parts of London and its suburbs, but the 
company has recently completed a large depét at 
Chiswick in which the whole of the work is now being 
carried out. In future, only running repairs and 
replacements of complete units will be carried out at 
the garages, so that the space in them formerly allo- 
cated to overhauls will now be available for other 
purposes. A considerable saving in time has also been 
effected by concentrating the work of overhaul in 
a single establishment in which methods of working 
can be employed which would not be feasible in a 
number of distributed works. The time required 
to deal with an omnibus when sent in for complete 
overhaul has, in fact, been reduced from 16 days to 
4 days, with the result that the addition of 12 
working days per annum to each omnibus will 
materially augment the earning power of the whole | 
of the company’s fleet. 

The site for the works, of which we now propose 
to give a general description, faces the Chiswick | 
High-road almost exactly opposite Gunnersbury | 
Station, and has a total area of about 31 acres, of | 
which 13 acres are under cover. Constructional | 
work was commenced in September, 1920, and the | 
part devoted to coach building had advanced | 
sufficiently by March of last year to enable a certain | 
amount of that class of work to be undertaken. 
The engineering section was started up in August 
last, and a month later the output of omnibuses 
completely overhauled had reached 50 per week. 
This figure was soon afterwards increased to 75 
per week, at which it now stands, but the general 
lay-out and equipment of the works has been 
arranged for a weekly output of 100. The system, 
moreover, has sufficient elasticity to enable 120 
omnibuses to be dealt with per week for short rush 
periods. About 2,000 persons will be employed 
when the works are in full operation, the men being 
about equally divided between the engineering and 
coach-building sections. 

The main building is rectangular in plan and 
measures 857 ft. long by 352 ft. wide. About two- 
thirds of the total area is occupied by the body 
shop, paint shop, mounting and dismounting 
departments, and stores, while the remainder is 
used for engineering work. An omnibus, when 
taken off the road for overhaul, is first driven into 
the dismounting shop situated in one corner of the 
main building at the western end, the omnibus 
running in between the vertical rams of a multiple 
hydraulic jack. The rams carry horizontal cross- 
heads fitted with arms which can be adjusted both 
vertically and horizontally to fit under the edges 
of any type of body employed in the company’s 
service. After the attachment bolts have been 
removed, the body is lifted clear of the chassis and 
the latter is driven out from under the body as 
shown in Fig. 1, on page 140. The chassis is then 
driven under its own power outside the main build- 
ing and round to the eastern end, where it is dealt 
with as will be described later. 

As soon as the chassis is clear, an electric battery 
truck is run under the body, which is then being 
supported by the jacks ; this stage of the operation is 
illustrated in Fig. 2. The body, having been lowered 
on to this truck, is conveyed by it to the adjoining 
body shop, in which it is placed on trestles, the 
platform of the truck being raised or lowered by its 
own power to facilitate this operation. In the body 
shop, which runs for about half the length of the 
main building and can accommodate 104 bodies 
at a time, the bodies are completely stripped and 
all necessary repairs to the coachwork are effected. 
The woodworking machinery used in connection 
with this work is situated in a bay running parallel 
with the body shop and communicating with it, 
while the timber stores and coach stores are close 
at hand. The tinsmiths’ and sheet metal workers’ 
shop and the smiths’ shops are also in communica- 
tion with the body shop and are situated at the 
eastern end. 








After having been dealt with in the body shop, 
the bodies are conveyed by means of electric trucks, 
similar to those above referred to, to the paint 
shop which runs parallel with the body shop and 
is capable of accommodating 57 bodies simul- 
taneously. The whole of the body painting and 
varnishing is done by hand. From the paint shop 
the bodies are next taken to the mounting and 
finishing shops, which form part of the dismounting 
shop above referred to, and here the cushions, 
aprons, fare and destination boards, advertise- 
ments, &c., are fitted. The body is, by means of a 
second hydraulic jack, similar to that used to 
remove the bodies, as previously described, finally 
placed on a chassis which has been overhauled, 
tested and painted, and the finished omnibus is 
then ready for another year’s service. 

The first operation on the chassis, which is dealt 
with in the engineering section at the eastern 
end of thejmain building, is to drain out the petrol 
from the tank and run it off into a main storage tank 
underground. The chassis is then stripped of its 
components, each part being handled by overhead 
runways, or conveyors, according to its size and 





The springs used are of the semi-elliptical pattern 
and after treatment in the spring shop, each is 
tested in an electrically-driven screw press made by 
Messrs. W. and T. Avery, Limited, of Birmingham. 
The load is applied until the spring is completely 
flattened out, and after this treatment it must 
return to its original form with a permanent set not 
exceeding y-in. Finally each spring is immersed 
in a bath of whale oil,which the company have found 
to be the most effective lubricant for the leaves. 

The main components of the chassis are worked 
through the shops in parallel lines in the following 
order, which is that in which they are required in 
the process of re-assembling: rear axles, chassis 
frames, front axles, gear-boxes, steering columns, 
clutches, engines, dashboards, radiators and bonnets. 
Before starting along its particular line each part 
is tested, inspected, and graded in accordance with 
the amount of wear which has taken place, useless 
parts being scrapped and replaced by new ones 
from the stores. The others are marked in two 
different colours according to their condition, so 
that in re-assembling only parts of the same grade 
may be brought together. 





Fia. 5. 


weight. The individual parts are completely 
dismantled and thoroughly cleansed, a special type 
of machine having been designed for this purpose 
at Chiswick. This machine, three of which will 
eventually be installed, is illustrated in Fig. 5 on 


this page and is in the form of a cylindrical | 


easing in which are mounted a large number of 
coiled pipes perforated with }-in. holes. The parts 
to be cleansed are placed in wire trays mounted 
on a conveyor on which they travel through the 





DELIVERY END oF WASHING MACHINE. 


The work of reconstructing the gear-boxes is 
carried out on a roller conveyor mounted at a 
convenient working height above the floor level, 
and the engines are also moved through the shop on 
a conveyor of the trolley type, parts being added 
as they pass along. In connection with this work 
an interesting machine made to the designs of the 
company’s engineers by Messrs. J. Holroyd and Co., 
Limited, of Milnrow, near Rochdale, is employed. 
This machine which is illustrated in Fig. 3 on page 


casing and are subjected to the action of jets of | 140 is used for reamering out the re-lined main 


hot caustic solution forced through the pipes by a 
6-in. pump. Each machine can accommodate five 
large parts, such as gear-box casings, at one time, 
and a correspondingly greater number of smaller 
parts. Open vats are also provided for washing 
certain parts requiring individual treatment. 
The wheels of the omnibuses are dealt with in 
one corner of the shop, this being provided with 
tyre presses for removing the worn tyres and replac- 
ing them with new ones, which are supplied from 
an adjacent store. Adjoining this department is 
the spring shop in which the springs are taken 
apart, each leaf being re-hardened and tem- 
pered to remove the effects of fatigue and to 
enable incipient cracks to be detected. A gas- 
fired reverberatory furnace capable of dealing with 
120 springs a day is installed in this department, 
together with the necessary quenching troughs, 
setting anvils, benches, &c., for spring-smiths’ work. 








bearings and also for running in the crankshaft. 
It comprises a four-armed table on which the 
crank-cases are mounted in jigs and which can be 
rotated by hand. The crank-case, which is handled 
by an overhead pneumatic hoist, is first mounted 


|on the arm of the table shown in the background of 


our illustration, and the table is then rotated so 
that the crank-case comes in line with the bed of 
the machine and locked in position. A solid 
reamer mounted on the long spindle seen on the 
right of the illustration is then passed through 
all four bearings in succession to finish them to 
exact size. A split steadying bush, which opens 
automatically to allow the reamer to pass, is em- 
ployed to steady the spindle, and the feed is auto- 
matically increased between the bearings, when the 
reamer is not cutting, in order to save time. After 
the reamering operation is finished, the table is 
rotated through 90 deg. to bring another crank-case 
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into position for reamering, and an operator then 
removes the bearing caps from the crank-case which 
has been reamered, places the crankshaft in position 
and replaces the caps. The table is again rotated 
through 90 deg. in the same direction bringing the 
table in line with the machine bed at the left hand 
end of the illustration. In this position the crank- 
shaft is coupled to a driving shaft and rotated 
at 200 r.p.m. for the purpose of running in the 
crankshaft, the power required for this operation 
being noted by reading an ammeter in series with 
the driving motor. The crank-case is not allowed 
to pass out if the current reading exceeds a pre- 
determined limit, but if it is satisfactory, the table 
is again rotated through 90 deg. and the crank-case 
is removed and replaced by another. The operations, 
of course, all proceed simultaneously, and we 
understand that the time required for the whole 
process, which formerly occupied two skilled fitters 
for two days, has been reduced to 20 minutes. 

The work of re-assembling the whole chassis is 
carried out oma moving platform which runs along 
one end of the shop at right angles to the lines along 
which the various components travel. This con- 
veyor, which is shown in Fig. 4, on page 140, is 
on the floor level and travels at 6 in. per minute. 
The chassis frame is placed at the extreme end 
of it and the components to be assembled, 
such as rear and front axles, gear-boxes, engines, 
radiators, bonnets, &c., are delivered alongside the 
conveyor in the order required. The components 
are fitted into position by squads of men working 
on the conveyor as it travels slowly along, the rate 
of movement being timed so that the work of 
erection is completed when the chassis reaches the 
end of the conveyor. The chassis is then run off 
the conveyor and its rear wheels placed on the 
rollers shown in the foreground of Fig. 4, just in 
front of the front wheels. The engine is started up 
by these rollers, which are driven by an electric 
motor, through the transmission gear, this method 
of starting ensuring that no essential part of the 
gear has been omitted in erection. 

No attempt is made, at this stage of the opera- 
tions, to tune up the engine, the mechanics merely 
satisfying themselves that it will run. The chassis, 
with the engine running, is then passed out of the 
shop into the hands of the testers who make all the 
necessary final adjustments and test the brakes, 
&c., on a track running round the works. This 
track includes a double incline with slopes of 1 in 
15, which serves to test the brakes and also the 
climbing power. These inclines, it should be 
mentioned, are partly surfaced with asphalte and 
partly with loose gravel, so that the tests can be 
made under conditions resembling, as closely as 
possible, those encountered when running on good 
or bad roads. When passed as satisfactory the 
chassis is returned to the shops for painting, a part 
of the mounting shop, previously referred to, being 
set aside for this process, and after being fitted with 
a renovated body, the omnibus is again ready for 
the road. 

In the above brief description we have endeavoured 
to give a general] idea of the methods employed for 
this very specialised work, but it will be obvious 
that to deal with the whole plant thoroughly would 
require a greater amount of space than is available. 
Neither is it possible to examine all the details of 
an organisation of this character in the course of a 
brief visit such as we were able to make on the 
occasion of the opening ceremony on Tuesday last. 
In general it may be stated that every endeavour 
has been made in laying out the works to avoid 
overlapping and unnecessary movements on the 
part of the workers. In this respect, the location 
of the stores has been very carefully considered. 
Attention has also been paid to the comfort and 
convenience of the workers, a well-equipped first- 
aid department and rest room having been pro- 
vided for the treatment of minor accidents, as well 
as a dining room in which 1,000 meals can be served 
in about 15 minutes. A large piece of ground in 
mesg of the works has also been laid out as a sports 

eld. 

Altogether the company must certainly be con- 
gratulated on having acquired an admirably 
arranged and well-equipped establishment which 
while it cannot fail materially to reduce their 





total working costs, will also indirectly benefit that 
portion of the general public of London that is 
largely dependent on the motor omnibus for trans- 
port purposes. In conclusion we must express 
to Mr. G. J. Shave, chief engineer and operating 
manager of the company, to Mr. C. Leese, engi- 
neer-in-charge of the works, and to Mr. G. Rushton, 
production engineer, who are largely responsible 
for the design of the works, our thanks for their 
courtesy on the occasion of our visit and for supply- 
ing us with the material from which the present 
article has been prepared. We hope at an early 
date to deal with certain details of the plant to 
which on the present occasion it has only been 
possible to make a brief reference. 





THE LATE SIR FRANCIS BARKER. 

Sm Francis Barker, whose death, to the regret of 
many, took place at Cannes on Saturday last, played 
an important part in the extension of the manufacture 
of Parson’s steam turbine in many foreign countries, 
as from 1899 onwards he was manager of the Parsons 
Foreign Patents Company, Limited, which was formed 
to exploit, on the Continent of Europe, Sir Charles 
Parson’s patents for marine and land turbine work. 
His wide knowledge of commercial conditions in many 
of the European countries and his great tact were 
important factors in the formation of many subsidiary 
companies in various countries and in the establish- 
ment of works. Beginning as manager, he became 
ultimately a director of the company, and he continued 
in this capacity to the end. In later years he was 
also a director of Messrs. Vickers, Limited. 

Sir Francis, who was in his fifty-seventh year, was 
born on June 18, 1865, at Smyrna, and was the second 
son of the late Alfred Barker, of Constantinople, and 
Elmfield, Esher. He was educated privately and at 
Clifton College, ultimately laying the foundation of his 
career in his father’s bank at Constantinople. Later 
he became private and confidential secretary to Sir 
Edgar Vincent, now Lord D’Abernon, who was at that 
time Director-General of the Imperial Ottoman Bank 
at Constantinople. During this period he travelled 
extensively in Syria and other parts of Asia Minor, In 
Russian, and especially in Russo-British, affairs he 
always evinced the liveliest interest. He was president 
of the British-Russia Club, and chairman of the 
executive council of the Russo-British Chamber of 
Commerce. He was the organiser and founder (with 
Lady Barker) of Kitchener House, Grosvenor place, 
and as such Sir Francis did much towards the training 
of many officers after the war for service in technical 
and commercial life. During the war he did very 
active work, not only for the firms with which he was 
identified, but also in many philanthropic movements. 
The strenuous life he then led ultimately undermined 
his strength, and last year he had to undergo an opera- 
tion, from which he seemed to be recovering, and went 
to Cannes for recuperation. There, however, he had 
to undergo a second operation, and from the effects of 
this he never rallied, dying, as we have said, on Saturday 
last, to the regret of many friends. 





NOTES ON NEW BOOKS. 

The hardening and tempering of steel is an art 
rather than a science, and as in other arts expertness 
and certainty can only be attained by much practice. 
Nevertheless the apprentice and amateur can learn 
a great deal from an exposition of the various methods 
usually employed by craftsmen, and in “ Hardening 
and T'empering Engineers’ Tools,” by George Gentry 
[Percival Marshall and Co., London, E.C. 4], we have 
a well-illustrated little treatise on the subject. The 
book in question is No. 43 of the well-known ‘ Model 
Engineer” series and, being published at 9d. net, 
is within the reach of the humblest amateur. It 
covers the hardening and tempering of all ordinary 
tools, such as lathe tools, taps, dies and saws, and 
describes the methods of forging the chief kinds of 
lathe tools, the case-hardening of work and other jobs 
met with in the smithy. The information given is 
sound and eminently practical, and the book is well 
worth its modest price. 


It is probably inevitable that all men shall magnify 
the importance of their individual callings, and we 
have on this head no quarrel with Mr. L. Cope Cornford, 
the author of “ The Designers of Our Buildings.” 
The book is, we gather, issued under the egis of the 
Royal Institute of British Architects, and can be 
obtained from their offices, the price being 5s. The 
volume contains portraits of the leading British 
architects, from Inigo Jones down to modern times, 
but is in the main a description of the functions of the 
Royal Institute. The author complains quite fairly and 


legitimately that few of us know who was responsible : 


for the design of our most notable buildings. Whilst 


every important picture is attributed to some in- 
dividual painter the man responsible for the production 
of equally artistic work in masonry is commonly taken 
for granted. This is no doubt true, but the engirieer 
is in still worse case, as certain sections of the press 
appear very much inclined to attribute the building 
of a great ship, or bridge, or the construction of a new 
railway to the undirected efforts of mechanics and 
navvies, or in other words to mere labour, quite ignoring 
the creative mind, within which every structure or other 
undertaking must exist as a concept before it can be 
materialised in stone oriron. We are afraid, however, 
that Mr. Cornford will find many critics of certain 
statements in his opening chapter. Sad experience 
has too often shown, that many architects are prone to 
ignore that the primary object of a building is to be 
used, and thus expend in securing so-called artistic 
effects both energy and cash, which could be far better 
devoted to attaining comfort and convenience. Not 
long since, in an important overseas city, a hostel 
for girls was to be erected. The plans prepared by a 
leading firm of architects showed a noble elevation, 
but at the sacrifice of convenience and capacity. Asa 
consequence, these plans were scrapped, and a com- 
mittee of amateurs, assisted by a builder, managed to 
devise a building in which for the same cost, vastly 
more accommodation was secured and the general 
arrangements were, moreover, much more convenient. 
In another case, in this country, two small houses 
were built on the same plot of ground. In the one case 
an architect was employed who produced a building 
which looked exceeding pretty in a photograph, but 
contained no room more than 7 ft. 6 in. in height. In 
the other case the design was prepared by the owner 
in conjunction with a builder. The cost was very 
materially lower, the cubic capacity much greater and 
the letting value some 20 per cent. to 30 per cent. 
higher. This frequent failure of the architect to realise 
that the primary purpose of a building is to be used, 
is no new thing. Vanbrugh’s vast expenditure on 
Blenheinf resulted, according to all accounts, in a far 
from convenient dwelling. Fortunetely the advent 
of steel, reinforced concrete and plate glass is com- 
pelling the architect to devote more thought to present 
necessities, than to the precedents of the past, but that 
he has still far to go is well exemplified by the two 
modern instances which we have noted above. 

The term “ motor truck” is generally used in the 
United States to denote what is called a motor lorry 
on this side of the Atlantic. There, as here, vehicles 
of this kind have become an important unit in the 
internal transportation system of the country, and 
one is not surprised to find a book devoted to the 
subject. In The Modern Motor Truck, by Victor W. 
Pagé (London, Constable and Co., Limited, price 
34s. net), the author has very fairly achieved his object, 
which is, as stated by himself, to make “ a compilation 
of .practical information on truck construction, opera- 
tion, maintenance and repair that would be of value 
to just that class of practical mechanic, truck-driver 
and executive who wants a technical subject treated 
from an everyday standpoint.” British readers should 
note that the book is entirely an American one and deals 
exclusively with American vehicles. Neither the title 
on the cover, nor anything on the title page gives any 
indication of this fact. The volume, which is printed 
in the United States, contains nearly a thousand well- 
printed and well-illustrated pages, and is adequately 
indexed. Much less pretentious is T'he Book of 
the Ford Van, by R. T. Nicholson (London, The 
Temple Press, Limited, price 3s. net), which, as the 
title implies, deals exclusively with one type of vehicle. 
The present edition is the second, and the book 
has been revised and enlarged. It contains very full 
information concerning the management, upkeep and 
driving of the Ford van, and its numerous illustrations 
and thoroughly practical nature will appeal to all who 
own or operate these vehicles, 





ALMANACKS AND CALENDARS.—We have received a 
monthly tear-off calendar from Messrs. Hollings and 
Guest, Limited, engineers,T himble Mill-lane, Birmingham ; 
also one from Messrs. August’s Muffle Furnaces, Limited, 
Thorn Tree Works, King Cross, Halifax. 


EXAMINATION OF ENGINEERS, MERCANTILE MARINE. 
The Board of Trade have issued a new edition of the 
regulations relating to the examination of engineers in 
the mercantile marine. The regulations have been re- 
cast to a considerable extent, and the syllabus of examina- 
tion for certificates of the various grades has been brought 
up to date. The most important changes are in the 
qualifications required of applicants for motor certifi- 
cates, i.e., certificates for engineers of vessels propelled 
by internal-combustion engines, These changes are 
intended to make it less difficult for competent men to 
obtain motor certificates, but they do not involve any 
reduction in the standard of knowledge and ability 
required. A complete set of specimen examination 
apers is given in an appendix to the regulations. Copies 
of the regulations may purchased, through any book- 





seller or direct from H.M. Stationery Office, price 9d. net. 
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PROLONGATION OF CASCADE MOTOR,: 
PATENTS. 


An important case has recently been decided in the 
High Courts of Justice—Chancery Division—by 
Mr. Justice Sargant, in respect of the Hunt and Sandy- 
croft; Cascade Motor patents of 1906. It was sought 
to obtain prolongation of these on grounds including 
war dislocation, exceptional merit and the like. 
he cascade motors involved comprised a means of 
abolishing the double stator windings previously used 
and replacing them by a single winding producing 
the same effects. Also in the rotors the double wind- 
ings were replaced by single windings by the elimination 
of certain bars which were either deleterious or useless. 
The result was to produce a much higher efficiency 
and a reduction in the magnetic leakage so that a 
system which previously was economically unsound 
became an effective commercial system, It further 
resulted in the elimination of anything like a rubbing 
contact with the danger of sparking. In dangerous 
places these machines were free from danger and were 
able to compete with other types. 

Evidence was given on behalf of the patentees by 
expert witnesses, licencees and the inventor. 

Mr. James Swinburne, F.R.S., consulting engineer, 
described the position of the art prior to the inventions 
and explained the unsatisfactory results obtained by 
the then existing types of cascade machines. He 
showed that by the use of the inventions cascade motors 
could be built which had high efficiencies, and that as 
the windings were constructed for a smaller number of 
poles than those required by an ordinary motor, it was 
possible to build a better commercial slow-speed 
machine than hitherto practicable. He explained how 
the inventions simplified and improved the charac- 
teristics of this class of motor and why these machines 
could be given the starting and speed-regulating 
features of slip ring motors in spite of the fact that the 
rotors had very low-tension windings and no slip rings 
or rubbing contacts of any sort. He pointed out the 
advantages these motors possessed for working in 
collieries as they were free from sparking, and also 
that they were particularly valuable in industrial 
applications where dust was prevalent. 

He expressed the opinion that there would be great 
developments in the application of the motors to the 
propulsion of ships. 

Other witnesses explained the position as regards 
foreign patents and referred to the extension already 
granted by the German Courts ; showed that slip rings 
could not be used without a risk of sparking, and that 
in the single-speed cascade motor there is no part that 
could cause a spark They explained that the single- 
speed motor was the safe type for underground work, 
but that both the multi-speed and synchronous types 
of cascade machines were particularly valuable for 
surface work (for instance, a two-speed cascade motor 
could be used to drive a ventilating fan at full speed 
when men were at work in a pit, and as might be 
required the speed could be reduced to two-thirds 
speed when the pit was standing idle). 

The inventor stated that machines designed according 
to the patents prior to those the subject of the petition 
were not of practical value as they would have abnor- 
mally high copper losses and magnetic leakage. He 
added that a great amount of experimental and in- 
vestigation work was necessary in the development of 
the standard machine, and that in fact it had been 
found necessary with increasing knowledge to redesign 
several times the standard machines. 

The Crown did not oppose the petition, suggesting 
that the patent would be of the type which his lordship 
would probably extend. 

The learned judge held that the patents involved a 
great deal of scientific knowledge and experiment and 
were of great utility, and such as to be of larger in- 
ventive merit than the average type of invention 
comprised in the ordinary patent. He found they were 
of exceptional value and utility. Notwithstanding its 
advantages there was considerable difficulty in obtaining 
the adoption of the system because previous machines 
of the same type had proved unsatisfactory and there 
was a prejudice against what was called the cascade 
system. 

There had been a very considerable remuneration, 
but it was clearly proved that there was a very great 
loss owing to the war. 

Mr. Justice Sargant therefore decided to grant an 
extension of both patents for a period of four years 
from the termination of the earlier patent. 








Exursirion or INnpustriat Lasour Saving Devices. 
—An exhibition of material coming within the above 
definition and including electric drills, grinders, polishers 
&e., will be held in the Industrial Showrooms of the: 
General Electric Company on the lower ground floor of 
Magnet House, Kingsway, London, W.C.2., during next 
week. The exhibition will be open from 2.30 p.m. to 
6 p.m. daily. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


NOVEMBER .1921. 


Bi). 


(7226) NOVEMBER. (921. 


Note.—In the diagrams the figures plotted for 


tions of the London Metal Exchange for fine “‘ foreign ’’ and “‘ standard ” metal respectively. 
shown for lead are for English metal, whilst those for spelter are for American metal. 


prices are plotted for steel plates and rails, and also 


DECEMBER. (921. 





DECEMBER.I921. 


JANUARY.1322. 


JANUARY. 1922. 

tin and copper are the official closing cash quota- 
The prices 
Middlesbrough 
for hematite and Cleveland pig-iron. The prices 


given, in the case of steel plates are for ship, bridge and tank qualities, and those for steel rails are for 


heavy sections. 
quality and for home consumption. 
Welsh ports, but in all other cases the prices are per 


The pig-iron prices are for the East Coast hematite and Cleveland iron, both of No. 1 
The price of tin-plates is per box of I.C. cokes f.o.b. at 


ton. Each vertical line in the diagram represents 


a market-day, and the horizontal lines represent 1l. each, except in the case of the diagram relating to 


tin-plates, where they represent 1s. each. 


Tue WAGon Association.—The committee appointed | 
regret that the support given to this movement has not 
been sufficient to justify the formation of an association, 
and it has been decided not to proceed further with the 
matter. The subscriptions sent in by applicants for 
membership are now being returned in full to them. 

BomBay ENGINEERING ConGreEss.-The seventh 
session of the Bombay Engineering Congress was held on 
December 8, at the Seamen’s Institute, Bombay, under 
the chairmanship of Mr. E. M. Proes, Chief Engineer, 
Public Works Department. Several important engineer- 
ing projects are contemplated in the Bombay Presidency 
under the new body which has been set up, the Develop- 
ment Directorate. These schemes include land reclama- 
tion and improvements in the housing of the working 
classes, quadupting and electrification of local railway 
lines. In connection with this latter work it is proposed 





to reconstruct the Bassein bridge, which is 9 furlongs 


in length, and to provide a new terminus at Grant Road 
in place of the present one at Colaba. In the city of 
Bombay the municipal authorities intend largely to 
increase the water supply to meet the needs of a quickly 
growing population and supplement the deficiencies of 
the monsoon. The supply in the Tansa Lake will be 
increased by raising the dam 8} ft., thus increasing the 
storage capacity from 29,000,000,000 gallons to 
39,500,000,000 gallons. Reference was made by the 
chairman to the need for greatly improving the roads 
in the Presidency to meet the needs of heavy motor 
traffic, and the Government will soon have to introduce 
an effective control of speeds and loads of motor traffic. 
With regard to water power, the Tata Company, which 
was among the first to realise its importance in India, 
has in hand the great Nila-Mulla project, which will 
store 17,000,000,000 cub. ft. of water and supply 
150,000 h.p. per 10 hours in Bombay. The same com- 
pany also proposes to harness the Koyna. 
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COMPOUNDING THE COMBUSTION 
ENGINE.* 
By Ermer A. Sperry, New York. 

InN a report made by a group of engineers in 1900 it 
was stated that if the combustion engine could be success- 
fully compounded, a most important gain would be made 
in its weight and size. The fact that compounding 
presents other advantages has been known to engineers 
for @ number of years, but the difficulties have been 
looked upon as insurmountable. The fact that Diesel 
himself in the ’90’s undertook the construction of a 
compound, the total failure of which received wide pub- 
licity, reports of these failures finally getting into text- 
books, seemed to give substantial corroboration to 
this point of view. One eminent German authority, 
Gildner, set the final seal of “ impossibility ’ upon it 
with characteristic Teutonic finality in the following 
statement :— 

As it was, the entire motor proved to be a flat failure, 
as was and will be the case in any compound gas engine 
in spite of the best care and enormous expense. 

This statement has probably done more to retard 
combustion-engine advance, especially in this important 
phase, than anything published in the last two decades. 
A close study of Diesel’s embodiment, in view of present 
knowledge, reveals a total lack of most of the features 
that we now recognise as essential to success. There 
have been one or two isolated workers in England and 
Germany who have not been so ready to believe this 
statement, feeling that the next great step in combustion 
engines, as in the case of steam, is bound to be compound- 
ing, but practical difficulties still intervened, and no 
advance was made or even serious work done until within 
the past couple of years. Attempts in England have 
met with the most discouraging and unwarranted opposi- 
tion. Authorities of experience who should be open- 
minded, while recognising the advantages in part, 
condemn compounding apparently through sheer refusal 
to depart from beaten paths and emphasised certainty 
that the difficulties of temperature and losses at transfer 
can never be overcome.t 

Activity in connection with compounding is prodigious, 
and workers in various parts of the world are commencing 
to realise that a great advance step is imminent. In 
America a group headed by the author, has been engaged 
on this problem for upward of thirty years. Starting 
in 1890 his first compound was running before the World’s 
Fair. The patent records give evidence of this early 
work under date of December 10, 1892. A number of 
engines have steadily followed each other, each involving 
improvements resulting from previous experience, until 
the essential problems have been conquered. Not only 
has the principle been thoroughly established but all 
the important refinements have been worked out, and 
finally an engine embodying practically all the advances 
has been subjected to long continuous runs. Data 
almost invaluable to the art have been secured, together 
with a series of indicator cards and diagrams that 
exceed a thousand in number. The outcome has been 
that the various prophecies of thoughtful engineers in 
the past have been more than fulfilled, and there is every 
evidence that the heavy-duty compound combustion 
engine is everything that was hoped for. It is light 
compared with the normal Diesel, being in special cases 
less than one-tenth, and in some instances less than one- 
twentieth, in weight for the same output. Its mechanical 
efficiency is extremely high, a distinct gain in overall 
efficiency from fuel to shaft has been made, as well as a 
very definite gain in simplicity, direct performance and 
smoothness of the crankshaft diagram. This has been 
achieved while adhering to the best practice, namely, 
four-cycle operation. 

The lightness and simplicity of the compound solves 
the capital-charge factor automatically. Engines and 
machinery in the final analysis usually cost a given amount 
per pound. It is found that there is no structural 
demand or refinement in the compound that has not 
already been met in the Diesel—the same range of 
pressures and temperatures are handled throughout 
by the effective two-stage method, which is now well 
established. Engines of this type weighing only a 
fraction of the weight of the present Diesel will inevitably 
be found to be much less in first cost as well as in cost of 
upkeep. 

Much higher powers than are now available are 
thought to be of extreme importance and much interest 
is centred upon the question ; in fact, the more advanced 
among the Diesel builders are to-day concentrating upon 
ways and means to attain still higher powers from a 
single cylinder working on its present cycle. Of course, 
this will increase, instead of decrease, the weight per 
horse-power. It is to the compound that we must look 
ior a solution of this problem, for the reason that within 
present cylinder and cylinder-wall limitations, powers in 
excess of 10,000 h.p. per engine are entirely practicable 
and are accompanied by all of the proportionate savings 
in weight, space and capital charge that have been 
pointed out. 

Our own Government has watched the progress of this 
work for a number of years, inspected the development 
in its various stages, and has come forward with orders 
for an initial engine which, together with orders from 
other sources, is now under construction. To illustrate 
to what low figures the compound principle can be relied 
upon to bring the henvy:oll enginn, it should be stated 
that among these orders is one now under construction 





* Abstract of paper read at the Annual Meeting of the 
American Society of Mechanical Engineers, at New York, 
December 5 to 9, 1921. 

t See discussion of Chorlton’s paper on Super-Com- 
pression and Economy of Internal-Combustion Engines, 
ENGINEERING (London), July 8, 1921, 


to weigh about 5 ib. per brake horse-power. 
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This may 
be looked upon as extreme, but the designed weights 
and finished parts as they now stand are below this 
figure. This brings us within striking distance of avia- 
tion engines, where the fire risk through the presence of 
gasoline and the electric ignition system constitutes one 
of the test menaces to aviation progress. The remark- 
ably high mean effective pressures of the heavy-oil 
compound will give us the aviation engine and entirely 
eliminate both these sources of fire risk. 

The reason for the great weight in all classes of Diesel 
engines is apparent when it is understood that they are 
designed around an extremely small quantity of air and 
oxygen at each stroke, an amount so minute as to be 
quite surprising when compared to the ponderous engine 
itself. The volume of the power gases available to do 
work is limited to the size of the combustion space, and 
when it is remembered that this is confined to a small 
crevice in the end of the cylinder of the order of one- 
twentieth of the travel of the piston, the limitation is at 
once seen. Attempts to make it larger produce both 
compression and ignition temperatures that are too low, 
and we have semi-Diesel and surface-ignition engines 


Fig. INDICATOR CARD OF DIESEL ENGINE. 
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Figé. COMBINED CRANK-EFFORT DIAGRAM FOR TWO 
COMPOUND DIESEL ENGINE UNITS WITH CRANKS 
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confined to smaller sizes with tendencies to a lower 
grade of performance. Such engines are difficult to 
start and represent no gain in weight. 

Consider the Diesel indicator card, Fig. 1. Draw the 
vertical line XY, and it is easy to see that the expansion 
pressures to the left are high, and should do their work 
in a high-pressure cylinder, whereas those to the right, 
especially following the dotted extension line of expan- 
sion, are definitely low pressures, and should do their 
work in a low-pressure cylinder suitable for the purpose. 
This is practically all that is attempted in compounding 
combustion engines. The vertical line XY also divides 
the compression curve into two stages, low and high, 
the latter taking place in the combustion cylinder proper 
as a second stage. No compressor delivering 500 or 
more pounds per square inch will undertake to do so in 
a single stage ; there would be at least two stages. The 
old single-stage compression is discarded in the com- 
pound and this modern method of two-stage compression 
is adopted. 

Supercharging or compressing in two stages gives the 
controlling advantage in that a very much larger unit 
volume of gases may be handled. The clearance spaces 
may be many times the size of those in the Diesel, and 
yet it is perfectly simple to bring these large volumes 
up to the requisite pressure and incandescent temperature 
at the instance of fuel injection. The large volume 
of power gases in the combustion chamber of the com- 
pound at once solves a number of important problems, 
makes the light engine easy of accomplishment and 
overcomes a number of other difficulties at the same 


The chilled walls are retired into the background as the 
large volume asserts itself as com with the small 
crevice indicating the total volume available in the normal 
Diesel where the chilled areas exposed are very large 
and the volume very small, At a glance it will be seen 
that all this is reversed completely in the large dome- 
shaped clearance space D in Fig. 9, where the volume 
has increased very much more rapidly than the peri- 
meter. This is again vastly increased in the low-pressure 
cylinder, where an extremely large volume exists with 
still smaller ratio of chilled perimeter. Taking all of 
the chambers into consideration it is found that while 
retaining all of the chilled walls that are necessary for 
proper handling of the lubrication, still a gain is made 
on the order of 60 per cent. in the extent of these chilled 
walls in the compound as compared with the simple 
engine. 
Soup Furr Insection. 

With the large clearance volume we no longer have 
difficulty with solid injection, nor do we have any diffi- 
culty in using a wide range of heavy fuels. It has been 
known for years that as soon as the oil spray encounters 
chilled or even red-hot walls, the efficiency drops.* 
Here the oil fog may penetrate the deep masses of hot 
compressed air with instantaneous effect in every direc- 
tion from the spray nozzle without encountering chilled 
walls and instantaneous and very complete combustion 
results. In the compound engine the clearance volume 
is so large that the entire high-pressure piston displace- 
ment causes it to lose only a fraction of its pressure, 
thus bringing to the second stage, or low pressure, both 
ample volume and pressure so that this piston (represent- 
ing, 6, 8 or even 10 times the area of the high-pressure) 
is driven to the end of its stroke with pressures still above 
the atmosphere. 

In this way the engine yields an expansion ratio based 
on gauge pressures, which, instead of being 3 or 4 to 1, 
as in the case of the autmobile engine, or about 12 to 1 
in the Diesel, can be made as high as 120 to 1. Yielding 
a higher return and greater efficiency from the fuel 
because of the lower temperature of the exhaust, simi- 
larly the high-vacuum steam turbine secures higher 
efficiency by its much greater ratio of expansion as 
compared with the reciprocating engine. The great 
volume in the combustion space furthermore allows this 
space, without distortion, to extend easily out over the 
top of the low-pressure piston, making a most direct 
connection therewith through a short transfer port 
(see L, Fig. 9). And finally this large clearance space 
allows its shape and contour to be grouped almost solely 
with reference to the most complete dissemination of the 
fuel and highest combustion efficiency. 


THe Compounp CYCLE. 

Fig. 2 shows the cycle card without fuel, taken from 
the high-pressure cylinder in a 10:1 compound. The 
first-stage compression enters the cylinder at point A 
on its out stroke with the pressure about 113 lb., giving 
a power stroke indicated by line A’. At point B the 
induction valve closes, and on the in-stroke the com- 
pression proper starts and rises on line B’ to Diesel 
values at C. There being no fuel injection, the receding 
stroke brings the pressures down on practically the same 
line B’ to point B (EF in Figs. 4 and 5). Here the transfer 
valve opens and the gases pass on the in-stroke to the 
low-pressure cylinder on line D. This is the out-stroke of 
the low-pressure, the pressures sinking to a trifle below 
atmosphere before the exhaust valve opens and continues 
open nearly during the entire’ next stroke of the low- 

ressure piston, which is, however, never shown on this 
Coreg say card but on the low-pressure card, Fig. 7. 

Fig. 3 is the air-pump card representing the first stage 
of the compression which delivers air to a small receiver, 
from which air is delivered during the induction stroke, 
on line A’ of Fig. 2, which, it will be observed, is a power 
stroke with a high mean effective pressure, thus recovering 
some of the power of the pump. 

Fig. 4 is the same as Fig. 2, except that fuel has been 
injected, and shows the regular slow Diesel burning 
common to all early cards of these compounds, where 
from point C a perfectly level line is often drawn to 
point C’ which marks the point of “cut-off.” The 
gases then expand on line C” to point E, where the 
transfer valve opens and the gases continue to do work 
on the large area of the low-pressure piston, indicated 
by line D. The exhaust valve opens with pressures 
only slightly above atmosphere at point The 
ordinary slow Diesel burning has the objection of lower 
efficiencies and allowing the heat to be added to the 
gases out nearer the exhaust end of the stroke. 

Through a research extending over a year and a half 
or more, conditions were discovered by means of which 
‘detonation ” of the fuels may invariably be secured. 
This extends to a large variety, including, of course, the 
heavy fuels. While automotive engineers have adopted 
extreme measures, even lowering compression, “ doping ”’ 
fuels, &c., in order to avoid the detonation we have 
been working in the opposite direction. During the 
war the Admiralty entered upon intensive research into 
many phases of Diesel performance with full-size single- 
eylinder enginers of a number of types. Those familiar 
with these extensive operations cannot — in too high 
terms of the ability and experience brought to bear on t 
many vital questions investigated and the very great 
mmportance to the art of the results that rapidly followed 
each other. These and co-ordinated activities are co- 
sidered now to place England easily in advance of Ger- 
many and other countries in the matter of Diesel per- 
formance and construction. The author has already 
mentioned two papers by Engineer-Commander Hawkes 
covering some features of this work in the course of which 





* See Engineer-Commander C. J. Hawkes’ Admiralty 





time. No longer is the chilled perimeter per unit 
volume of gas the controlling factor, as it is in the Diesel. 


paper: Experiments ... Diesel Engines, November, 
1920. 
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detonation was encountered which he characterised as 
“rather distressing’? under certain circumstances. 


combustion chamber under comparatively high-pressure, 
and although it is warm, yet with each atmosphere of 





He goes on to say: ‘It was very desirable, therefore, 
that every effort be made to eliminate the tendency to 
detonate,” but he reports that it was found impossible 
to do this without, at the same time, increasing the fuel 
consumption. The author, however, found that the 
thasyetdiguenale efficiency was.higher in case of high 
detonation diagrams than with low. Our work has been 
toward realising these high efficiencies by developing 
instead of suppressing this high-intensity combustion. 
We have therefore, sought to harness and utilise to the 
full the detonation phenomenon for the reasons, and with 
the results, outlined herein. 

Fig. 5 is a typical card taken under the same conditions 
and the same engine as Figs. 2 and 4, exhibiting ‘‘ detona- 
tion”’ and showing the quick burning, piling the heat 
up at the beginning of the stroke and as far away as 
possible from the exhaust end, giving also a very much 
truer Carnot-cycle card. All recent running of the 
compound engines has been in accordance with this 
card, One of the achievements of high-intensity com- 
bustion is better thermal efficiency and a still further 
reduction in the exhaust temperatures. The engine 
with this type of card is lifted from the old constant- 
pressure to the superior constant-volume performance 
which frees the compound from all speed limitations. 
The detonation characteristics, e.g., the vertical rise on 
the diagram, persist even at very high s This 
card also insures operation at lower fractional powers 
without indication of carbon deposits. Fig. 6 is given as 
showing the range of control of the peak and shape of the 
card at will under the same operating conditions and 
with the same spray nozzle. Referring to Figs. 5 and 6, 
the peak pressures given by these cards may seem high, 
but it must be remembered that they are not as high as 
the pressures often met with in the cylinders of many 
gasoline engines. The factors of safety easily take care 
of these. Ample provision, however, is made as the 
engine is already so light that plenty of leeway is available 
for any of these purposes. 

In early attempts at compounding, principally lay- 
outs, it was found that prohibitive losses would occur in 
the transfer, due to the falling pressures while filling 
the low-pressure clearances. A complete solution of this 
is found in a special adaptation of the process of “‘ cushion- 
ing ”’—closing the exhaust valve at a pre-determined 
— before the out-stroke end, trapping a little of the 
10t gases and cushioning them up to the transfer pressure 
so the transfer valve opens under conditions of equal 
pressure on each side, There is, therefore, no flow of 
gases except that due to the slow starting of the strokes 
of the two pistons. There are practically no losses 
sustained in cushioning; the power of compression is 
returned very completely on expansion. In this unique 
adaptation of pam «veer the additional advantage is 
secured of preventing all erosion due to high velocities 
of the hot gases over the transfer seats. These seats are 
ony jacketed and are found to remain smooth, bright 
and perfectly sealed over long periods. It is incidentally 
found that, in cushioning, the adiabatic compression of 
the hot gases brings with it an equality of temperature as 
well as pressures, so there is neither loss in pressure nor 
temperature at this critical point of transfer and the 
efficiencies are carried at high values throughout the 
eycle. In the compound engine the exponents hold very 
closely to the adiabatic throughout the cycle due to less 
cooling, owing to the very low ratio of chilled wall sur- 
faces to unit volume of Rower gases and the large unit 
volumes employed. 

Fig. 7 shows the low-pressure card, indicating the same 
power pressure line D as Figs. 2, 4 and 5. On this in- 
stroke the exhaust valve opens at D’ and closes again at 
point G on the out-stroke, giving rise to the cushioning 
curve H, terminating at the same pressure and really 
the same temperature as at E in the high-pressure 
cylinder. 

An important feature of compounding is the complete 
suppression of all pre-ignition. Work by the Bureau of 
Standards* shows that no pre-ignition rises to high or 
dangerous pressures in the prin anew nee chamber which 
occurs late on the compression curve. Only when they 
occur in the early part of the compression curve are they 
combined with further compression and thus rise to 
dangerous values. Two-stage compression cures this 
completely because all the early part of the compression 
occurs entirely extraneous to the combustion chamber, 
where air only is handled, and only the latter part or 
second stage of the compression occurs in the com- 
bustion cylinder, so the engine is simplified because no 
troublesome and often leaky safety valves or pressure 
relief valves are required or fitted. 

The point X in Fig. 1 will be recognised as being the 
same as point B in Fig. 2 and point E in Figs. 4 and 5. 
The transfer valve considered as an exhaust valve is 
here called upon to handle much hotter gases than 
ever heretofore. A difficult situation is here presented. 
Are special materials necessary and how can the valve 
successfully perform this dity ? It is known that the 
exhaust valves of the Liberty motor run red hot and the 
stems white hot, and yet they are handling gases of 
lower temperature than are here present. Nor is the 
Liberty motor by any means the only combustion engine 
where the exhaust valves operate regularly at red heat. 
These transfer valves may water or mercury-cooled. 
In fact, mercury-cooled valves were originally provided 
and have now stood on our shelves tet for some years, 
as neither of these expedients is found necessary, nor 
are any but ordinary materials required. It must be 
remembered that compression in the compound is by the 
modern two-stage method. Air is admitted to the 








* 8. W. Sparrow: “Increase in Maximum Pressures 
Produced by Pre-Ignition in Internal-Combustion 
Engines,’ August, 1920. 





p © its cooling powers are doubled. Air at 100 lb. 
thus has seven times the cooling power of atmospheric air, 
seven times the weight and seven times the molecules 
in contact for cooling. In forcing the high-pressure 
piston down on pressure line A’ in the above figures 
air must pass some port in entering. Now as a matter of 
fact this port is in line with the transfer port and the 
induction valve itself rides on the back of the transfer 
valve in the form of a hollow sleeve I (Fig. 9) seated 
directly on the top of the transfer valve T. The back 
of the transfer valve is provided with greatly enlarged 
radiating and cooling surfaces presen’ to this cooling 
air and powerful convection currents are constantly 
acting when sealed. Moreover, this air when entering 
is at high velocity and gushes down through and bathes 
the deeply serrated surfaces of the back of the transfer 
valve, licking up the heat very completely in its inward 


rush. 

Now in following out the cycle it will be noticed that 
this is the very step that follows directly on the heels of 
the transfer of the hot gases (D, Fig. 2), and continues 
throughout the next quarter cycle (see A’, Fig. 2), 
and through the entire descent of the high-pressure 
piston, which in this way delivers a real power stroke 
to the crank with mean effectives in some instances 
greater than the mean effective pressures of the ordinary 
Diesel, thus returning some of the power taken to drive 
the supercharger or first stage pump. If the transfer 
valve is intensely heated on its under surface (see T, 
Fig. 9), and is then instantly intensely cooled on a 
surface five times as great it will certainly strike and 
maintain a heat balance which in practice is found to be 
extremely low, only about one-half the temperature of the 
Liberty valves, nowhere nearly approaching red heat 
nor the temperature of normal Diesel exhaust valves 
under load conditions. Here we have a case, as Kipling 
says, ‘ where the thing that couldn’t has occurred ”—it 
is the crux of successful compounding, the great obstacle 
which has always been looked upon as practically insur- 
mountable, solved by an extremely simple and straight- 
forward method. In fact the temperatures of the valve 
are lower than the calculated temperature balance be- 
cause of the high velocity of the induction gases from the 
receiver. 

Again, the heat in these gases absorbed from the hot 
valve is useful inasmuch as it is the auto-ignition tempera- 
tures as well as pressures that are required at the end of 
the compression curve B’. Here a useful heat transfer 
and pure regenerative process is carried out. The seats 
give no trouble because they are backed by the ample 
water jackets and, in fact, the whole transfer valve gear 
operates continuously and successfully, and is found to be 
in perfect condition after hundreds and even thousands of 
hours of operation. They require practically no atten- 
tion and are seldom ground in. This is exactly as it 
should be considering the very low temperatures at 
which this valve really —_. 

The question often asked is, to just what is due the 
smallness and lightness of the compound engine? It is 
this: In the four-cycle Diesel we have the tonnage of 
metal due to the presence of high pressures operating at 
a ridiculously low material efficiency because these high 
pressures persist only about 2} per cent. of the total time. 
The Diesel card rises abruptly and immediately falls. 
All the rest of the time, over 95 per cent., either low 
pressures or no pressures at all are present, whereas in the 
compound the pressures: persist and we are dealing with 
great blocks of power, as can be seen from the power 
curve C”. Although the pressures are not materially 
higher than in Diesel practice they are made to persist 
practically clear across the card, producing very large 
gross mean effectives. This is instantly followed by 
another line clear across the card again producing another 
large gross mean effective in the low-pressure cylinder 
when referred to the high-pressure area, all from a single 
fuel injection. Instead of 60 to 70 lb. net mean effective 
to the crank, delivering its power through a few degrees 
only of one stroke in four, in the compound we have two 
net mean effectives each of 300 or 400 lb. per square inch 
succeeding each other and covering two strokes out of the 
four from a single fuel injection, giving very much better 
crank-effort distribution for power purposes. The 
point of paramount interest is that these two large blocks 
of power are secured not by any material increase of 
pressures, but by using large quantities of power gases, 
and “hanging on” to the pressures we have in those 
gases throughout soanthealily two complete strokes, 
clear across the card twice, thus abstracting much more 
of the power they contain before exhausting. Suppose 
these to be 330 Ib. per square inch each. Added they 
make 660, which is easily ten times 62 lb., a net mean 
effective not infrequently met with in ordinary Diesels. 
In an engine of simple construction giving ten times 
the net mean effective to its crankshaft and well distri- 
buted there should be no good reason why it should 
weigh more than one-tenth the weight of the present 
Diesel. The power gases work in the Diesel about 120 deg. 
of are and in the compound 315 deg., or 2-6 times as 
long, or, considering the points of “ cut-off ” in each, the 
true expansion curve is 34 times as long, which accounts 
for its large mean effectives and higher economies. 

As to the proper ratio for compounds, engines of 
10:1 ratio of low-pressure to high-pressure cylinder 
areas, also 8: 1 and 6: 1 have been made, operated and 
studied, the smaller ratios being at present considered 
more desirable. The weight factor does not change 
materially with changes in ratio in this region. The 
low-presure piston operates two-cycle. The power 
distribution and the weight of the- reciprocating parts 
both equalise best at about 6:1. This makes a per- 
fectly balanced unit, the end masses equalling and also 
moving oppositely to the central. The two full power 
impulses following each fuel injection are also about 


equal. Thus full four-cylinder performance is secured 
with only three cranks and two extra power impulses 
are delivered on the induction stroke (see line A’, Fig. 2), 
making six power impulses for each cycle, 

Another unusual advance should be noted, viz., 
complete reversibility and self air starting are secured 
without additional valves or cams over the simple one- 
way engine without air starting, there being no difference 
in this regard. Again, comparing the full-reversing, 
air-starting compound unit with a similar four-cylinder 
Diesel of any prominent make, delivering the same number 
of primary power impulses to the crank, the latter 
has 16 valves and 32 cams. The former operates 
the same cycle with two extra power impulses over, the 
Diesel with five cams driving seven valves. 

Doing away with the three-stage air injection pumps, 
its intercoolers and general complexity, is another 
important simplification. The use of high-pressure 
injection air introduced into the cylinder with the fuel 
is a step in the wrong direction and it is surprising that 
it operates as well as it does, owing to the large amount 
of refrigeration thus introduced along with the fuel 
at the critical moment when all the heat and the highest 
temperatures possible should be fostered. This injection 
air represents roughly one-tenth of the air in the little 
combustion space and its adiabatic refrigeration factor 
per unit volume is almost exactly the same as the adia- 
batic heating of the combustion air. It is apparent that 
this is a very serious drawback. Moreover, the care of 
these pumps requires a high degree of skill, they deal 
with dangerous pressures when oil vapours are present, 
explosions in the intercoolers have proved fatal, and one 
United States builder stated recently that an excess of 
11 per cent. of the entire power of the engine is absorbed 
for driving these pumps. 

As stated, solid injection only is used in the compound 
and the engnie is controlled entirely by the fuel, viz., by 
lifting and timing the fuel valves. The constant- 
pressure trunk system is used with an accumulator in the 
line, the pumps simply working constantly against loaded 
relief valves which may be adjusted at will. Two very 
small plungers are constantly acting. The pistons, 
accumulator and the fuel valve stems are ground in and 
require no packing. 


Types or Compounp ENGINEs. 


Fig. 10 shows an extremely small 6: 1 compound oi! 
engine with these two pumps in the left foreground, 
driven by eccentrics from the camshaft. The eccentrics 
act oppositely. The fuel-valve cam levers are on eccen- 
trics which regulate their dip on to the cam and, there- 
fore, the quantity of fuel used. The two small upstanding 
levers control the eccentrics. The timing is effected by 
the little knurled hand wheels at the top by bodily moving 
the eccentrics tangentially to and from the cams. This 
cut also shows the relative size of the small boxlike air 
receiver located above the crank-case, operating between 
the two stages of the compression. 

Fig. 11 shows the fifth compound engine of the series, 
a 10:1, built for heavy duty. Although this is a small 
marine type with high-pressure cylinders 7 in. by 11 in., 
running at 400 r.p.m., yet the size of the crank pitman- 
end in the lower centre of the engine reveals the rugged- 
ness of these parts. The fuel pumps are also shown 
here and the connection to the governor. The camshaft 
is on a shelf at the top of the engine to‘one side and is 
driven by skew gears. The electric generator forming the 
full load of this engine is shown in the background, and 
one of the transfer valves with its bonnet cover stands 
on the floor in front of the engine. The comparatively 
small size of the engine, although in the foreground, is 
notable. A line of Diesels made in the United States 
are reported to weigh 512 lb. per brake horse-power. A 
standard marine-type Diesel engine weighs 450 lb. per 
brake horse-power, while the compound in Fig. 11 weighs 
less than 30 lb. per brake horse-power. 


\INTERNAL CONSTRUCTION OF THE COMPOUND. 


Now as to the construction of the compound, Fig. 9 
shows an elevation (to the right of the centre), and longi- 
tudinal section (to the left), of the engine shown in Fig. 11. 
The two high-pressure or combustion pistons on their 
out-stroke are at the ends, and in the centre is the low- 
pressure at its extreme in-stroke. The sturdy con- 
struction is indicated by the size of the crankshaft, 
about 50 per cent. larger than in any other combustion 
engine of which the author has knowledge, approaching, 
as it does, the bore of the combustion cylinders them- 
selves. The fuel pumps P and the control and mani- 
pulating wheel W are shown in elevation to the right. 
To the left the large dome of clearance D, forming the 
combustion chamber of the compound, stands out in 
marked contrast to standard Diesel practice, which is 
shown by the little space C between the solid horizontal 
line at the base of the clearance and the dotted horizontal 
line just above. The dome is large and forms an upward 
extension of the combustion cylinder, extending also to 
the right in a large sweep surrounding the transfer valve T 
which seals the transfer port L. The sleeve-like induction 
valve I is shown seated on top of the transfer valve and is 
controlled by the cam-operated fork F. The transfer 
valve and sleeve are lifted by a fork not shown, located in 
thimble 8 near the top of the stem. The first-stage 
annular compression pump G surrounding the trunk 
piston below the low-pressure piston proper, delivers its 
air to a small receiver, which in turn discharges to the 
cored port A surrounding the induction sleeve I, the 
cooling action of which has been described. The little 
balancing cylinder B sustains a permanent connection 
with the low-pressure cylinder. The solid-fuel injection 
valve and nozzle N are placed approximately over the 
centre of gravity of the large masses of air in the clearance 
dome D. 





The comparison with the large dome constituting the 
clearance and combustion space in this compound with 


FEB. 3, 1922.] 





ENGINEERING, 


piston. The question naturally arises, what about wire- 
drawing through this port? This has been closely 
investigated, and it is found that at 1,000 ft. per minute 
piston speed the velocities rise to 200 ft. per second only 
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designing prime movers the advantages of the compound 
combustion engine are readily apparent. Its light weight 
for a given power with resulting low first cost and capital 
charge, the low costs for foundations, the high speeds 











the small distance between the solid horizontal line at 
the base of the combustion space in Fig. 9 and the 
dotted line indicating the combustion space C in the 
normal Diesel, is simple to make and is significant. 


It is understood that the two high-pressure cylinders 
are operating four-cycle, one 360 deg. back of the other, 
discharging alternately i the low-pressure, which 
therefore works two-cycle d delivers power on each 
down stroke. The cycle has been pointed out and the 
general operation will be apparent from this figure. 


ORDINARY STANDARD CONSTRUCTION AND HiGH 
MEcHANICAL EFFICIENCY. 

The construction is shown very completely in the 
figures, especially do Figs. 9 and 11 indicate the simplicity 
of the details, there being no part with which the ordinary 
engine builder is not perfectly familiar, nothing about 
the cylinders, pistons rings or valves that lie outside 


Fig.9. COMPOUND OIL ENGINE SHOWING CONSTRUCTION 


(7813.0) 








at a point near the greatest velocity of piston travel. 
This comes from the fact that by 
the time the centre of the stroke 


with consequent low costs for connected generators, 





is reached, where the velocities are 
highest, the expanding gases de- 
livering the power find themselves 
very largely on the low-pressure 
side, and, therefore, are not re- 
quired to traverse the port. It is 
well known that no wiredrawing, 
as such, exists at the velocities 
named. Fig. 12 shows a curve of 
the velocities through the transfer 
port at all points in the stroke of 
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ordinary good engine practice and construction. The 
radiating fins on the valves and the piston clearances 
and tolerances are the only points that vary to some 
small degree from the best Diesel practice. 

)- A point of interest arises regarding the mechanical 
efficiencies of the compound. The two high-pressure 
cylinders in this case might be considered as constituting 
a two-cylinder Diesel. By separating them and adding 
one crank and the low pressure piston between them 
an increase of no less than seven times the power to the 
crankshaft is realised in this engine. Pursuing this one 
step further, to obtain this increase of power at the 
shaft it is perfectly apparent that we have not added 
nor are we driving, seven times the machinery. We are 
driving probably about twice the machinery. This is one 
apparent reason for the very high mechanical efficiency 
observed in this engine. These efficiencies have again 
secured an additional check by motoring the engine and 
taking a number of sets of cards, which in several instances 
indicated as high as 93 per cent. mechanical efficiency. 


Port VELocITIEs. 


In Fig. 9.the transfer port L to the low-pressure piston 
has only about one-twenty-fourth of the area of the 
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Fig.J2.cURVE OF GAS VELOCITIES THROUGH TRANS- 
FER PORT AT ALL POINTS IN STROKE OF 
LOW-PRESSURE PISTON. 
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the low-pressure piston, on the basis of 1,000 ft. per minute 

piston speed, 6:1 compounded with a port having an 

area one-twenty-fourth that of the low-pressure piston. 
FIELD or USEFULNESS OF THE NEW Prime MOVER. 
To engineers versed in the problems of selecting and 











Smact 6 to 1 Compounp Om EN@Ine. 


the small space required and the simplicity and economy 
of operation are important reasons for suggesting new 
fields for this prime mover, which has been proven of 
practical value in a long series of tests under worki 
conditions. The compound engine is especially adapted 
for use for auxiliary or stand-by service in water-power 
stations or for carrying the peak loads in central stations 
where installations as large as 21,000 k.v.a. have been 
contemplated. The important considerations are quick 
starting, non-deterioration of fuel reserve and flexibility 
of required fuel, amounting to almost complete indepen- 
dence of fuel quality. Other uses for the compound 
which readily suggest themselves are city water works 
and irrigation projects, either directly or by electrical 
distribution. 





German Locomotives ror Roumanta.—The Rou- 
manian Government has placed an order for 30 loco- 
motives with a firm in Cassel, the aggregate price amount- 
ing to 130,000,000 marks. Payment takes the shape of 
6 per cent. State bonds, which fall due in the course of 
three years. 


Tue German Bascock & Witcox ComMPpANy, BERLIN. 

~This concern earned gross profits during the last 
financial year to the amount of 12,678,290 marks against 
5,403,365 marks for the previous year, the net profits 
amounting to 6,754,833 marks against 1,131,962 marks. 
A dividend of 20 per cent. plus a bonus of 175 marks, 
was declared. Orders in hand will keep the works em- 
ployed for a considerable period, and fresh orders are 
being received to a satisfactory extent. 


THe Extension or GERMAN INDUSTRIES DURING 
1921.—If the increase of capital can be taken as a sure 
criterion German industry must have been extended in an 
altogether unprecedented manner during the past year, 
and the movement looks like being continued in the 
course of 1922. An interesting feature is the con- 
siderable issue of preference shares with multiple 
votes, a method started during the war in order, it was 
alleged, to keep the weight of voting in desirable quarters. 
November heads the list amongst the months with a 
total of 4,876,930,000 marks, of which ordinary shares 
represent 4,100,740,000 marks, debentures 76,120,000 
marks and the rest preference shares; the lowest total 
occurred in August with 348,530,000 marks. During 
the whole of 1921 the increase of capital amounted to 
an aggregate of 21,745,240,000 marks, of which 
16,228,030,000 marks were ordinary shares, debentures 
3,057,770,000 marks, the balance being preference shares 
with single or multiple vote. The total of fresh issues for 
1920 was 11,514,000,000 marks. It should be noted 
that the above particulars refer only to limited liability 
companies, and the figures represent the nominal value 
of the fresh issues, although there is a very substantial 
aggregate of over-estimation. As an instance for 1922 
may quoted a fresh issue of 50,000,000 marks by 


| Felten and Guillaume at 400 per cent. 
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SOME OBSERVATIONS ON A PRODUCER- 
GAS POWER PLANT.* 


By H. 8. Denny, C.B.E., and N. V. 8S. Kyrsps, B.Sc., 
of London. 


(Continued from page 122. 


(4) Capital and Operating Cost of Plant.—No exact 
figures are available of the actual capital cost of the 

roducer plant. It is estimated to have cost 60,0001. 
but as @ pre-war figure this is capnaneoming | very high. 
To have built a similar plant on modern lines in 1916 
would have cost, according to the estimate of a com- 
petent engineer, about 45,0001. The inclusive cost of 
— power-station was about 182,000/., made up as 
follows :— 


£ 
Gas cleaning plant with buildings 30,007 
Gas engines eee cove dee «» 74,098 
Auxiliaries, including exhaust boilers, 

&e. par the eee sve ose 8,395 
Dynamos ie 16,751 
Switchgear, &c. és we ess 18,209 
Buildings ase sés pee -«. 38,997 

£181,457 


[The switchgear was unusually elaborate. j 


The cost per e.h.p. at full load (7,500 e.h.p.) was, 
therefore, 24/. 48. or 221. 10s. per brake horse-power. 
Calculating on the maximum load (11,000 brake horse- 
ponea the cost was 16/, 10s. per brake horse-power. 
f the cost of the producer plant be taken as 45,0001. 
the capital cost per unit was as follows :— 


£ a. d. 
Full load per e.h.p. ais ove 30 4 0 
Full load per brake horse-power... 28 2 0 


Maximum load per 
power ... ost ‘ 20 12 0 

In present day conditions it is almost impossible to 
frame a reliable estimate of the capital outlay involved 
in the erection of a complete gas-producer gas-engine 
plant such as that dealt with in this paper. The un- 
settled state of labour has given rise to abnormally 
high costs in all new construction work, so that even if 
an estimate were drawn, it would not hold good for any 
le of time. In the circumstances it would appear 
to be wiser to consider the position on the figures above 
given. It may be mentioned, however, that Mond gas 
plants, including by-product recovery, are to-day 
working without the expensive acid tower which figured 
in the above statement of cost. This has been brought 
about by circulating acid liquor through the washers, 
It is not improbable also that in other directions modi- 
fications of the design have been perfected that would 
still further reduce the equipment necessary for by-pro- 
duct recovery and the cooling and purification of the 
gas. 
The gas-engine plant, with its auxiliaries, was all new 
and of up-to-date design, and it would have been difficult 
to improve the layout or efficiency of that section of the 

uipment. In fact, it is very doubtful whether a plant 
of equal efficiency for that capacity existed in Great 
Britain; and the price of the plant, considering the 
amount of machinery included, must be regarded as 
low. It would, however, be possible to make appreciable 
reduction in the cost of the gas-cleaning and switchgear 
sections in the layout of a new plant. 

The operating costs are largely a function of the load, 
and unfortunately, for the greater part of the period 
during which the power station was in operation, part 
load only was called for. In addition, cost of material 
and wages were at this time in a state of flux, and in 
consequence it is difficult to show operating costs which 
are of much value for purposes of comparison. The 
figures for the months of June, July, August and October, 
1918, represent approximately full-load conditions, and 
they are set out below, the costs of coal gasification and 
of electrical power production from the gas being dealt 
with separately. The price of coal changed during 
this period, but the figures are here adjusted to the 
higher price of coal (12s. 6d, per ton) applied over the 
whole period. 

Cost of Gas Production in £ 


brake horse- 


pad ton coal gasified : 
e 








(four months, 18 weeks). Tons of coal gasified 15,351. 
£ 
Coal gasified ... oad --- 0-625 
Sulphuric acid ... aes .» 0-156 
Steam and steam power --- 0-202 
Water and stores én «» 0-019 
Process wages ... ove --» 0°206 
Maintenance-—-Materials --- 0-039 
Maintenance——W ages ... «+ 0°027 
Total... oe «192974 1-274 
Deduct by-products : 
Sulphate of ammonia .. «+ 0-432 
Pitch Ske ‘oe Ste «- =O-015 
Washer dust and liquor -. 0-008 
Total 0-455 0-455 
Net cost ... dee 0-819 
Add on-cost (general expenses) ... 0-335 
Total cost £1-154 


Cost of Electrical Power in pence per electrical unit 
(kilowatt-hour) follows. Units generated 16,438,000. 





* Paper read before the North-Western Branch of 
the Institution of Mechanical Engineers, at Manchester, 
on January 24, 1922. 
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Gas ove ole two 0-259 
Water, general expenses, &c. 0-005 
Process w: ar bes 0-038 
Maintenance—Materials 0-051 
Maintenance—W ages 0-007 
On-cost—General expenses 0-028 

Total 0-388 


The on-cost in the gasification figures is very heavy, 
and including, as it did, certain special charges, it is 
preferable to omit the greater part of it in considering 
the costs. A fair figure would be, say. 0 -1/., giving 0-919. 
as the cost per ton gasified, that is, 18s. 4}d. per ton. 
The edjasten eleptzioal power cost then becomes 0 -335d. 

Since the gas produced amounts to 130,000 cub. ft. 
per ton gasified, the cost of gas on the above figure of 
18s. 44d., is 1-70d. per 1,000 cub. ft., without of course, 
allowing anything for interest or depreciation. This 
figure is indubitably high, and the main reasons for this 
are: (1) inefficient boiler plant; (2) poor general lay- 
out of producer plant; (3) unskilled labour; (4) low 
sulphate recovery (due to quality of coal and to faulty 
plant); (5) high percentage of dust in coal. The price 
of coal—12s. 6d. per ton—was obviously very low, and 
double this price could have been obtained for it, even 
in 1918. ith coal at 25s. per ton, and sulphate of 
ammonia at 24l., the other figures remaining the same, 
the cost of gas per 1,000 cub. ft. ‘becomes 2-8d. instead 
of 1-7d. 

The cost of gas was usually 65 per cent. to 70 per cent. 
of the total cost of electrical power. The maintenance 
figures for the period under consideration were abnormally 


Fig.7. RELATION OF LOAD TO RECOVERY 
AND GAS VALUE. 
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high on account of certain alterations made in the oil 
distribution system. The cost of power would have 
been slightly lower if the engine exhaust boilers had been 
in better condition. 

Before the decision to erect a gas-engine plant was 
finally taken, various estimates of the running cost were 
ee. all of which indicated a much lower figure per 

ilowatt-vear than that actually realised. The altered 
conditions respecting labour and material are responsible 
for much of the difference. At 0-335 per kilowatt-hour, 
the annual cost on 8,760 hours amounts to 12/. 5s. 
exclusive of amortisation. 

Under pre-war conditions, when producer slack at 
the pit cost only 4s. to 5s. per ton, the producers were 
frequently operated solely for the recovery of sulphate 
of ammonia, the gas being burnt at candles or at least 
used for boiler firing. They were then worked to give 
the maximum yield of sulphate irrespective of the quality 
of the gas. When a gas for engine was demanded 
and the quality had to be consi ae there was at first 
no serious drop in the sulphate produced, but when in 
addition an attempt was made to increase the coal 
gasified up to the rated capacity of the plant, the 
ammonia content of the gas showed a serious fall, and 
although the rated figure of 24 tons of coal per producer 
per 24 hours was never at any time approached, the 
ammonia continued low throughout the full load period. 

Fig. 7 was drawn to show the variation in the com- 
position of the gas under the changing producer con- 
ditions which obtained during the year 1918. There 
was first a period of low load during which the calorific 
value of the gas ranged about 120 B.Th.U. The ammonia 
recovery was good at first, but decreased. At the end 
of that period the plant was closed down for cleaning 
out the gas mains, and after starting up again there 
followed a period during which gas of comparatively high 
calorific value and ammonia content was produced. 
During the period of high load from July to September, 
both the ammonia content and the heat value of the gas 
decreased considerably. This period ended with a week 
of low load at the end of September, when, owing to coal 
shortage, the producers burnt down to a very low level. 
On again increasing the load, the ammonia in the gas 
increased to a figure equivalent to over 90 Ib. of sulphate 

r ton, the calorific value at the same time being fairly 

igh. High load continued for only a few weeks, and 
during this time the ammonia dropped rapidly, but early 
in November, when the load was finally decreased again, 
so that the coal gasified per producer remained at a very 
low figure, the ammonia rapidly increased and at one 
point touched 100 lb. On = load the calorific value 
steadily diminished. It would appear that with coal 
of the quality available it is impossible to maintain a 
reasonably high producer capacity together with a good 
gas from the thermal and recovery points of view. hen 
the fuel level ot the producers was low, and when the coal 





was exceptionally free from dust, a good gas from all 
aspects was for a short time produced, and it would 
= to have been ible to maintain more nearly 
these conditions if coal of that character had been avail- 
able. At very low load it was possible to keep the 
ammonia content at high level, but the heating quality 
of the gas and the thermal efficiency of the plant were 
adversely affected. 

From the date given by Humphrey, it would appear 
that it is possible to produce gas of high calorific value 
and of high ammonia content simultaneously, but the 
coal in that case was specially screened free from all fines. 
In spite of the good quality gas, the thermal efficiency 
of gasification was very low, as the figures show. It is 
also worthy of note that analyses taken on the plant 
under discussion when it was new and when it was run 
primarily for sulphate recovery, reveal the fact that the 
heat value of the gas was always low. The average 
analysis of the gas for one week in October, 1909, shortly 
after the plant has started up, was C O2, 17-9 per cent. ; 
C O, 7-5 per cent. ; Ho, 24-4 per cent.; C Hg, 2-5 per 
cent. = 114-5 B.Th.U. net per cubic foot saturated at 
15 deg. 

For the corresponding week in 1910 the figures were 
almost identical, the calorific value being 115 B.Th.U. 
The average sulphate recovery over a long period under 
these condition was 76 lb. 

The suitability for power and other purposes of the 
gas made under recovery conditions has been the subject 
of much discussion. It has been pointed out* that the 
conditions for a good power-gas and for ammonia 
recovery are to a certain extent antagonistic, and whilst 
a gas containing a high percentage of hydrogen may now 
be used with complete success in gas-engines, it never- 
theless appears to be a fact that the value of hydrogen 
compared with, say, carbon monoxide, for power- 
raising purposes, is less than the relation between the 
net calorific values of the two gases would indicate. A 
high content of hydrogen reduces the permissible com- 
pression on the mixture. It has been argued, since the 
percentage of hydrogen in the cylinder mixture when 
coal gas is being used, is lower than in the case of pro- 
ducer gas, whilst the safe limit of compression is higher 
for the latter gas, that the hydrogen plays a minor part 
and it is unsaturated hydrocarbons which are the deter- 
mining factors. Whilst olefines, &c., no doubt tend to 
cause pre-ignition, it seems certain that hydrogen itself 
is by no means an unimportant factor, and it is well 
known that trouble is frequently experienced on engines 
running on blast-furnace gas when the hydrogen in that 
gas increases in wet weather. 

Bone and Wheeler have shown that the efficiency 
ratio for a producer decreases with an increased use of 
steam, though they did not carry their saturation 
temperature as high as that used in ammonia recovery. 
The volume of gas increased, but its calorific value 
dropped: the hydrogen and carbon dioxide content 
increasing and the carbon monoxide diminishing. The 
net calorific value of course decreases considerably more 
than the gross value. 

The advantages claimed for the combination of a Mond 
recovery plant with gas engines are :— 


(1) Such a plant is capable of utilising cheap fuels 
unsuitable for boiler firing. 

(2) It secures a high recovery of ammonium sulphate. 

(3) The thermal efficiency of the producer as a gas 
generator is higher than that of a boiler as a steam 
generator. 

(4) The efficiency of the gas-engine is much higher 
than that of any steam engine. 


The contentions were set out in the paper of 1900,7 
yet in 1912 there appears in another paper { by the same 
author a refutation of two of these claims ; not, indeed, 
explicit, but contained in the data given. Reference to, 
and calculations made from, this paper show: (1) That 
the boilers of the Mond plant in question were designed 
to be fired by fine coal screened from the producers ; 
(2) that a boiler efficiency of 79 per cent. was obtained ; 
and (3) that the gross efficiency of the producers was 
58 per cent., and the net efficiency probably less than 
40 per cent. ; 

heap coal is no longer available, and the difference 
in price between producer nuts and good steam-coal is now 
inconsiderable. With mechanical stoking plant a low 
grade coal containing much dust may be used to better 
advantage for steam raising than in most producers. 
Since the price of producer coal at the pit-head has 
gone up to several times its pre-war price, whilst that of 
sulphate of ammonia is only about double, the recovery 
of the latter in a Mond plant is now a much less attrac- 
tive undertaking. The capital cost of the plant— 
always high—might now easily be prohibitive —and 
the higher price of coal renders it imperative to use a 
producer with the highest possible thermal efficiency. 
In this respect the Mond type on our results and those 
given above, would appear to compare unfavourably 
with non-recovery producers. . 

More of the water vapour required in the air blast 
might be obtained by a better heat exchange with the 
hot producer gases, and in this manner the quantity of 
auxiliary steam to be supplied could be materially 
reduced. It is also said to be possible to maintain the 
cooling water for gas engines between the limits of 80 deg. 
and 90 deg. C. by rapid circulation, and this opens up the 
possibility of saturating the air blast at 85 deg. without 
any supplementary steam. On the other hand, the 
Moore producer is said to furnish high ammonia recovery, 
using an air-blast containing only about one-half that 
used in the Mond system. However, no comprehensive 


* Dugald Clerk, Thwaite, &c., in the diecussion on 
Humphrey's Paper. 

+ Proc. I.Mech.E., 1901, page 41. 

t Proc. Inst. C.E., vol. excii, p. 1. 





FEB. 3, 1922. ] 


ENGINEERING. 








statement on any of these claims, within the knowledge 
of the writers, has ever been made public. 


Concrusions. 
* In reviewing the foregoing, it may be summarised 
briefly as follows :— 

(1) Mond Gas :—({a) That a reasonably high am- 
monium sulphate recovery demands low temperature 
and correspondingly low producer ification capacity, 
whilst simultaneously the gas produced is less suitable 
for power purposes than that made in non-recovery 
ucers. 
¥ (6) That at full load a gas suitable for the engines was 
obtained only at the sacrifice of ammonium sulphate 
recovery. 

(c) That a large amount of steam is used demanding 
a considerable boiler installation and fuel . 

(d) That the capital outlay and running cost of the 
plant represent a combined charge which can only be 
counterbalanced by a comparatively low-priced fuel, 
and a high market price for the by-product. 

(2) The Gas Engine.—(a) That steady running and 
reliability are obtainable given the necessary skilled 
attention, and given a gas of even character and value. 

(6) That the time lost for repairs is almost negligible. 

(c) That oil consumption can be kept at a low level, 
and one that compares not unfavourably with steam prac- 
tice. 

(d) That relatively low hydrogen and high carbon 
monoxide proportions make for steadier and cheaper 
running than when the order of these constituents is 
reversed. 

(e) That efficiency falls very rapidly as load decreases. 

(f) That. a thermal efficiency of 26 per cent. at full 
output, and with a steady suitable gas supply, is obtain- 
able. 

(g) That natural gas, blast furnace gas, and coke-oven 
gas represent a wide and favourable field for the gas 
engine. 

(hk) That the gas engine plant as a whole gives little 
trouble and satisfactorily stood up to its test on full 
load and part load, and also under ordinary working 
conditions. 


General Conclusions—The authors have endeavoured 
to make it clear that the producer plant under con- 
sideration was a poor exponent of the system because 
of its age, which necessarily involved some principles 
of obsolete practice and much time-worn material. As 
a plant from any modern standpoint, it therefore stands 
condemned on these grounds alone. But apart from the 
actual mechanical arrangements'of this particular plant 
they have endeavoured to ascertain the merits of the 
principle of gasification with ammonia recovery, and on 
certain broad lines have indicated that its profitable 
application is limited to given cases in which low-priced 
coal and high-priced by-products are inseparable features. 
Even then the work tends to prove that the simultaneous 
production of a high-grade gas for power purposes with a 
maximum yield of ammonium sulphate is not economic- 
ally feasible, and that either one must be partly sacrificed 
to produce the best return of the other. 

Great ains were taken to get accurate figures through- 
out, a particular attention was given to the deter- 
mination of the volume of the gas. This, being a funda- 
mental in the computation of the results, was very 
necessary. They have not seen anywhere before the 
combination of calculations used in this connection. 
Their experience does not confirm the suggestion that 
good results are obtainable from low-grade slack unsuit- 
able for other purposes, whilst the outlook for high 
prices for ammonium sulphate appears to be problema- 
tical in view of the projected synthetic ammonia plants. 
Furthermore, they have found the process to be by no 
means what could be described as fool-proof or simple. 

To avoid any possible misunderstanding, it should be 
stated that they are dealing with ammonia-recovery 
systems only, and the results are not in any way applic- 
able to ordinary gas producers of either the pressure 
or suction type. The excess steam used in the recovery 
process constitutes a distinct dividing line. The gas 
engine plant is, of course, a unit quite separate from 
the producer plant. It was a thoroughly workmanlike 
oe installation, and satisfactorily discharged its 

uties. 

Their contentions and arguments and statements are 
uncoloured by any glint of prejudice and for whatever 
they are worth they submit them with this assurance. 
In characterising this particular Mond plant as a’ poor 
one, they desire to state that there were sufficient 
reasons for that condition, but they are not judging the 
principle wholly on that or any other extraneous grounds. 
Their object has been to elicit from the available data, 
first, what the efficiency of the plant was, secondly, 
where and why it failed in economy and thirdly, what 
bearing this evidence has on the future of Mond gas. 
In arriving at their conclusions they have spared no 
effort to get at the truth, and any errors that occur 
must be attributed to faulty judgment rather than lack 
of industry or fair purpose. 


APPENDIX I. 

Sampling and Analysis of Producer and Exhaust 
Gases.—The producer gas was sampled continuously by 
an aspirator attached to the gas main in the power house. 
The aspirator was arranged to fill in twelve hours, and 
at the end of this time a sample was taken out into a 
pom | tube, and the aspirator refilled with water. 
Acidified water was used in the aspirators and sampling 
tubes. The practice of using a layer of heavy oil over 
the water seems open to the objection that the solu- 
bility of the hydrocarbons in this oil may not be negli- 
gible. The ray en of exhaust gas from No. 6 engine 
were taken in the same manner, the gas being drawn 


from the flue at a point just beyond the boiler. The 
at, of airl ockege was considered, but the values 
obtained by aspirated samples agreed with those obtained 
by numerous snap — so that anything but inappre- 
ciable leakage is unlikely. A series of snap samples 
of the exhaust was taken from all the engines in the 
power house, directly out of the exhaust main into the 
Orsat apparatus. 


Calorific Value of Gases. 








Dry at 0 deg. and 760 Saturated at 15 deg. 
Gas mm. and 760 mm. 
Cals. | C.H.U.|B.Th.U. | Cals. | C.H.U.] B.Th.U. 
Hydrogen—| 
Lower 73-9 163 293 68-9 152 273 
Higher 87°5 193 347 81- 180 323 
Methane— 
Lower 242-3 534 961 /|225-8 498 896 
Higher 269-5 594 1,069 /251-2 554 996 
Carbon 
monoxide}86 -3 190 342 80-4 177 318 























The producer gas was analysed in an Orsat apparatus 
fitted up with a Hempel explosion bulb and four absorp- 
tion tu one with potash, one with alkaline pyro- 
gallol, and two with ammoniacal cuprous chloride. In 
order to explode the whole of the gas left after absorbing 
the carbon monoxide, oxygen was mixed with it, thus 
cutting out the error due to taking only a fraction of the 
gas for hydrogen and methane determinations. The use of 
two cuprous chloride tubes ensured complete absorption 
of carbon monoxide, as the solution in the tubes was 
changed sufficiently frequently to leave only a fraction 
of a cubic centimetre to be absorbed in the second tube. 
The errors in the analysis were only those due to the 
capacity of the capillary above the absorption tubes, and 
others which always occur in an analysis of this kind (over 
water and with explosion of the hydrogen and methane). 
As usual, the assumption is made that there are no 
hydrocarbons present other than methane. It may be 
taken that the analyses are as accurate as those usually 
carried out in investigations of this kind in the absence 
of specially accurate apparatus. 

The exhaust gases were analysed in the same Orsat. 
In no case was an appreciable amount of carbon 
monoxide found in them. 

Throughout, except where otherwise stated, the net 
calorific value of the saturated gas at 15 deg. is given. 

Calculation of the Volume of Air Used in the Engines 
per 100 Volumes of Gas.—Assuming that there is no 
oxygen in the producer gas, the volume of air required 
for the combustion of 100 vols. gas is : 


100 
pony Cc 2 , 
59-5 (8 He + 8CO + 2 CH) 

The volume of air actually used per 100 vols. gas 
is calculated from the composition of the exhaust gas. 
In the calculation it is assumed that there is no carbon 
monoxide left in it, and also that there is no oxygen 
in the producer gas. The departure from these a. 
tions was very small. The decrease in volume of the 
mixture after explosion, when measured at ordinary 
temperatures (that is, under the conditions of analysis) 


is :-— 
(14 Hz + $CO + 2CHy). 
If A = per cent. oxygen in exhaust gases. 
B = per cent. CO2 in exhaust gases. 
V = vol. air used per 100 vols. gas. 
Then we have :— r 


20-9 ., 
— V-— H co 2 CH. 
135 (4He + 3 + 4) 


A = 100 7700 —(1} Hz + $00 + 20H). 





V= 
100 A +100 (4 He +4CO+2CH4) —A(14}H2+4$C0 +2 CHa) 
Er 20-9-—A sh 
Also we have :— 
Volume exhaust 
Volume gas 


Sum of (CO2 + CO + CHa) in gas 
oT COz2 in exhaust . 

















that is, 
V +100 —(1}He +}CO +2CH,) (CO: +CO +CHy) 
100 ag B 
Ve 
100 (CO2 +CO+CH. 
f 5 +ONS) _ 1004(14 He +} CO+2 CH). 


From the analyses we thus have two methods of 
obtaining V, and the two figures should agree. Wide 
divergence would show inaccuracy of analysis. In 
practice there is usually a slight difference, and the mean 
of the two values is taken. 

Measurement of Gas by Pilot Tube.—The position 
selected for taking the measurements was on a straight 
length of pipe, 150 ft. long, 50 ft. from the delivery end. 
The pipe is 4 ft. in diameter, and made of } in. iron, 
with overlapping joints. The selected point was between 
the second gas cooling tower and the tar separating 
and scrubbing plant, so that the gas had still a consider- 
able amount of tar in it. For the measurement a 
National Physical Laboratory instrument was at first 
tried, but it was found to be unsuitable for the tarry 

as, and for it were substituted two # in. iron tubes, one 

ush with the wall of the main and the other bent at 
right angles and with the ed, sharpened. It was 
found that the tube flush with the wall registered nearly 
the same static measure as the National Physical 
Laboratory type in the centre. The bent tube was 
fixed in the centre of the main with arrangements for 





alignment, and it was also made adjustable to calibrate 





the flow. The manometer used was of the standard t 
with sl of 1:10, graduated in inches and tenths, 
and with verniers to read hundredths. Between the 
Pitot tubes and the manometer a glass cap tube 
12 in. long was inserted to damp the oscillation of the 
latter. The liquid used in it was a mixture of methy- 
lated spirits and carbon tetrachloride in proportions to 
give a density of unity. It was c at frequent 
intervals to t alteration of gravity due to 
e ration, but tests showed that this was igible. 

calibration of the main reflected y 
even velocity distribution, but close to the wall the 
reading on the manometer and the slight oscillation made 
accurate readings difficult. The observations indicated 
@ mean velocity of between 0-86 and 0-89 of the maxi- 
mum (velocity at centre), and 0-87 was taken as the 
factor for our computations. 

Readings of the manometer were taken every two 
hours throughout the test, the tubes being placed at 
the centre of the main. Ghanitonsendin, tempera- 
ture of the gas was recorded. The maximum velocity 
in feet per second was calculated for each reading by 
means of the formula :— 


V = 66-2 Manometer readings in inches 
Specific gravity of gas (air = 1) x 10. 

The specific gravity of the gas was calculated for each 
reading by means of the accompanying tables. For 
each set of six readings the analysis for that twelve- 
hour period was taken. The velocity was then reduced 
to that of gas saturated at 15 deg. C. and 760 mm. 
cme by means of other tables or curves (given 

low). he velocities were averaged for the twelve- 
hour periods, and the volume of gas obtained by means 
of the formula :— 

Volume = V x 0-87 x 12-4 x 60 x 60 x 22. 
where 0-87 is the factor for converting the maximum 
to the mean velocity and 12-4 is the mean area of the 
main in square feet, 

The following are the values used in the calculations : 











Density. Cub. ft per Ib. 
Density of Gases. Air = 1. at 15 deg. C. 
Carbon dioxide 1-520 8-598 
Carbon monoxide 0-967 13-509 
Hydrogen 0 -06965 187-71 
Methane 0-554 23-505 
Nitrogen 0-970 13-512 
Oxygen 1-1055 11-822 











Density of Producer Gas at O deg. C., 760 mm.—Dry 
Density= D=-a+b+e+d+e. 





























CO2 a CO2 | b | He c CH,| @ No e 
Per Per Per Per Per 

cent cent. cent. cent. cent. 

os ms — a me — = _ 45 [0-487 
_— = _— — — —_ _— _ 46 |0-446 
14 |0-213| 7 |0-068| 19 |0-013) 1 (0-005) 47 |0-456 
15 {0-228} 8 |0-077| 20 |0-014) 2 (0-011) 48 [0-466 
16 |0-243| 9 (|0-087) 21 |0-015) 3 0-017) 49 |0-475 
17 |0°258) 10 |0-097| 22 |0-015) 4 (|0-022) 560 [0-485 
18 |0-274| 11 |0-106} 23 |0-016| 5 |0-028) 651 |0-495 
_— a 12 |0-116) 24 |0-017) — — 52 |0-604 
a os as -- 25 |0-017)} — — 53 |0-514 
































Density of gas at 15 deg. C. and 760 mm. saturated 
with water vapour :— 


= D x 0-932 


At any temperature ¢ deg. 
the density is :— 


D+), 
n 


— 0-010. 
C, and any pressure P mm. 


FP gees, 
760 n 


where J, » and g are taken from the accompanying 
tables or curves, Fig. 8 (on the next page). 

Volume of Gas at 15 deg. C. and 760 mm. Saturated 
with water Vapour. Reduction Formula for Gas at 
t deg. C. and P. mm. Saturated.—Volume of gas saturated 
at 15 deg. C. and 760 mm,=V x a x b. Where 
V = Volume as measured and a and 6 are taken from 
the accompanying curves (Fig. 9, on the next p } 

The basis of these curves (Figs. 8 and 9) is oo fol ows : 


D = density of gas at 0 deg. and 760 mm. 

Suppose m = weight of a cubic metre of air at 0 deg. 
C. and 760. 

Then Dm = weight of a cubic metre of the gas at 
0 deg. C. and 760. 


Now, suppose this is raised to t deg. C. and saturated 

with water. Let n be the volume at ¢ deg. of the gas 

plus the water vapour, and let s be the weight of water 

vapour. The density of the saturated gas at ¢ deg. 
D +a/m _ 


18 i: 
Dm +6 _ _D+l 


mx n n n 





q 








where | = s/m. 


The values of n and « are taken from the ordinary 
tables, and the curves giving value of 1 and n are con- 
structed from them. The pressure correction is facili- 
tated by the curve giving the value of q (= p/760) 
for different values of p. The assumption is made that 
the aqueous vapour taken up by the gas is independent 
of the pressure, The error introduced here is negli- 
gibly small for all ordinary pressures. 

For the reduction of the volume (or velocity) of the 
gas at the temperature of measurement to that of gas 
saturated at 15 deg. C. and 760 mm, the curves giving 
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as q above. The value of a is taken from the above- 
mentioned curves. Its value at any temperature ¢ deg. 
is m5 /Me. 

pb Measurement of Gas by Piston Displacement.—The 
quantity of gas used in the whole power-house may be 
calculated, using the piston displacement volume as a 
basis. The data required are :— 


(1) Cylinder volume swept by piston. 
(2) Proportion of gas to air in the mixture. 
(3) Temperature of mixture at end of suction stroke. 
(4) Corresponding pressure. 
The volume of gas used is then given by the equation : 
V x ax (273 + t) x 760 
288 x P 





=c Xv xX rp.m. x 60/2, 
i.e., 

vac XX Tp.m. X 30 x 

a x (273 + 1) x 


288 xX p 
760 





’ 
where 


V = Vol. gas used. 

c = cylinder hours worked. 

v = piston displacement volume. 

r.p.m, = revolutions per minute. 

p = pressure in cylinder at end of suction stroke. 
t = temperature. 

a = ratio volume mixture: volume gas. 


The gas and air are supposed both to be at 15 deg. 
and under the same conditions of aqueous vapour satura- 
tion. The formula assumes that the outlet-valve closes 
and the inlet-valve opens at the end of the exhaust 
stroke. The actual timing is not quite to this order, 
but it makes little difference. It also assumes that 
the pressure at the end of the exhaust stroke is the same 
as that at the end of the suction stroke. Of course, 
actually it is greater in the former case, so that the 
products of combustion expand during the suction-stroke 
and occupy more space than the clearance. Thus the 
actual volume of mixture, and hence of gas taken in 
is less than that given by the above equation. This 
will be referred to again. 

The piston displacement is known accurately. The 
top cylinder has a greater displacement than the bottom, 
and as the two are always at work together the pair of 
cylinders is for convenience referred to as a “line.” 
The displacement per line is 10-66 cub. ft. and ¢ now 
becomes line-hours instead of cylinder hours. The 
speed of the engine is constant at 200 r.p.m. The ratio 
volume mixture to volume gas is obtained from the 
analysis of the gas and exhaust by the method already 
described. The pressure in the cylinders at the end of 
the suction stroke is measured by a manometer attached 
to the inlet pipe, and although it cannot claim to be 
absolutely accurate it will approximate to it, and the 
difference between the measured and the actual pressure 
will be about the same for all engines. It varies from 
engine to engine, and also, in the case of any one engine, 
with the composition of the gas. It is, of course, con- 
trolled by the engine governor. To arrive at a repre- 
sentative figure snap readings were taken at all engines, 
and although these do not give the average pressure 
over a period, it will be seen that if they fairly represent 
the relative average pressures between the engines— 
and that they do—that is all that is required. 

The temperature of the gases in the cylinders at the 
end of the suction stroke is unknown and difficult to 
measure. It has sometimes been assumed that it is the 
same as that of the cooling water leaving the cylinders, 
but there seems to be no justification for the assumption. 
If precautions were taken to obtain the actual pressure 
in the cylinder at the end of the suction stroke and at 
the end of the exhaust stroke, and if, also, the expansion 
of the exhaust gas left in the unswept space were taken 
into account, it would be possible to arrive at the correct 
temperature of the mixture. It was not, however, 
found possible to measure these pressures accurately, 
but if these finer points are neglected and the tempera- 
ture is calculated from the readings of volume, mixture 
proportion, and pressure, a temperature is arrived at 
which differs from the actual by an amount depending 
upon the neglected factors. On this basis the “‘ tempera- 
ture ’’ has been calculated from the measurements made 
by rotary meter on No. 6 engine, and it really represents 
a factor correcting the piston displacement volume for 
(1) temperature; (2) volume change of exhaust gas 
occupying the unswept space; and (3) difference of 
pressure between that measured as described above 
and the actual average pressure. To avoid confusion 
it is still referred to as temperature of mixture. If 
now it be assumed that this temperature ” “ or correc- 
tion factor is the same for all engines, the volume of 
gas may be calculated from the line-hours worked in the 
whole power house, the accuracy of the calculation being 
pared sr upon the accuracy of the ratio mixture : 
gas, pressure, and the value of ¢. It is justifiable to 
assume that ¢ for the whole power-house will not differ 
greatly from ¢ for No. 6 engine working normally. The 
compression, 148 Ibs. on full load, is nearly the same for 
all engines, i.e., the clearance is the same and other 
conditions do not vary greatly. 

The absolute accuracy of tne ratio mixture: gas is 
not required, If its relation with that of No. 6 engine is, 
known accurately, then, just as in the case of pressure 
the departure from the absolute will be corrected by the 
correction factor t. This is the method used in the 
calculation of the volume of gas used by the whole power- 
house. Other corrections were necessary on account 
of the gas and air not being under the same conditions of 
aqueous vapour saturation. Thus the gas at 27 deg. 
was saturated to that temperature whilst the air was 
about 15 deg. and saturated a little under this. 

Carbon Balance.—The method of balancing the carbon 
content of the coal against that of the gas combined 


with the ashes, tar, dust, &c., has frequently been used as 
a means for the determination of the volume of the gas 
produced. The accuracy of the method obviously depends 
upon the gas volume being the only unknown lector 
in the equation, and the difficulty of accurately measur- 
ing some of the quantities has tended to discredit it. 

The data required are :— 


(1) The weight and carbon content of the coal. 

(2) The average analysis of the gas. 

(3) The weight and carbon content of the ashes, flue, 
dust, washer dust, tar, &c. 
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ig.9. REDUCTION FACTORS FOR GAS VOLUMES TO 15°C, 
SATURATED + 760 M.M.S.__ VALUES OF ‘a’ AND “6: 
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The weight of the coal gasified was obtained from the 
number of hoppers charged to the producer, the total 
weight of the coal received (known accurately), and the 
tubs delivered to the boilers forming a check. The 
method is rather crude, but it has been found that over 
a period the weight approximated closely to the true 
figure. Sampling of the coal was carried out as already 
described, and the powdered average sample was sent 
away for analysis. It will perhaps be sufficient explana- 
tion of the difficulty of (1) obtaining the apparatus to 
do an accurate combustion, and (2) having the analysis 
done elsewhere, when it is mentioned that the test was 
carried out during one of the last months of the war. 

The ashes, flue dust and washer dust were collected, 
weighed, sampled and analysed for carbon content. 





It was not practicable to collect and measure the tar 





made during the week, so the gas entering the sulphate 
tower was analysed for tar content by aspirating through 
an absorbent. ; 

As nearly as it was possible to judge, the producers 
were left with the same depth of fuel bed at the end as 
at the beginning of the test; but it was impossible to 
be certain that the conditions were the same, and as the 
capacity of the producers represents a considerable 
tonnage, the error introduced in a week’s test may not 
have been negligible. 

The carbon content of the pure gas was determined 
by analysis as already described. Assuming that the 
only gases containing carbon are CO2, CO and CHa, 
the volume of gas, consisting of any mixture of these 
three components, obtained from 1 |b. carbon gasified 
is 32-06 cub. ft. (saturated at 15 deg. C.). Hence, if 
C is the weight of carbon which actually appears as 
gas, in lbs. per ton coal, and 8 is the percentage (CO2+ 
CO+CH,), then , 


Vol. gas per ton coal 


100£_~ 32-06. 
Ss 


Ammonia Absorption.—'The gases entering and leaving 
the sulphate tower were analysed daily over a consider- 
able period, the gas being aspirated through acid con- 
tained in an absorption apparatus, and the acid analysed 
for ammonia each twenty-four hours. The two analyses 
give the weight of ammonia absorbed per unit volume 
of gas, and hence, if the actual weight of ammonium 
sulphate produced be known, the volume of gas passing 
through the tower is at once obtainable. To the know- 
ledge of the authors, this method of measuring the volume 
of gas has not been employed before, and this is to be 
wondered at, seeing how comparatively simple it is. 
Owing to faulty liquor tanks and to other gauses, the 
loss of ammonium sulphate from this plant was consider- 
able, and the figure for the actual weight of salt pro- 
duced would have been of little value for the determina- 
tion of the gas volume. The weight of acid used instead 
of the salt produced was therefore taken and in this way 
the possibility of error greatly diminished. The losses 
which occur are almost exclusively due to loss of the 
circulating liquor, and as it contains more than ten 
times as much ammonium sulphate as sulphuric acid, 
the advantage of employing the acid figure is evident. 
All effluents from the works were continuously measured, 
sampled, and analysed; consequently the loss of acid 
could be estimated with fair approximation. The 
temperature of the gas in the aspirator, at the time of 
reading the volume, averaged about 15 deg., and it was, 
of course, saturated. 

The laboratory returned the analysis of the gas in 
cubic centimetres of normal sulphuric acid per cubic 
metre of gas as measured. If A = difference of the two 
analyses, one cubic foot represents the usage of :— 

A x _0-04904 Ib. of 100 per cent. H2SOx. 

35-31 x 453-6 
Hence, if the acid used during any period, allowing for 
losses, is B tons of 100 per cent. H2S04, the gas passing 
through the tower during the period is :— 


B x 2,240 x 35-31 x 453-6 os 
A x 0-04904 dil 
(To be continued.) 











Hor NIrRoGEN IN THE ATMOSPHERE OF A METAL 
Mryxz.—A peculiar occurrence of a hot gas is reported 
from a mine in the East Tintic District of Utah (Journal 
Franklin Institute, November). A gas sample taken 
1 ft. below the roof of the mine had a temperature 5f 
175-5 deg. F. and contained 97-13 per cent. of nitrogen, 
2-49 per cent. of oxygen, and 0-38 per cent. of carbon 
dioxide ; it was also saturated with moisture. It is 
suggested that the gas is actually mine air which has 
been deprived of most of its oxygen by the very finely- 
disseminated pyrite, found in the sulphuric lead-silver 
ore. The gas has a pungent smell, but is practically 
free from sulphur, probably because the sulphuric acid 
and sulphur dioxide formed by the oxidation react with 
the carbonates in the ores liberating carbon dioxide. 

Gop IN THE Matay PEenrinsuLA.—Considerable enter- 
prise is being displayed in developing the native States 
in the Malay Peninsula which were transferred from 
Siamese to British suzerainty in 1909. Up to the present, 
Kedah has received most attention by capitalists as it 
was easier of access, but once it is connected by rail with 
the Federated Malay States system there is every reason 
for believing that the hitherto more remote State of 
Kelantan will offer opportunities for pioneer capitalists. 
The British adviser to the Government of Kelantan 
reports that a Singapore syndicate has selected 700 acres 
of land for gold-mining, after several months of careful 
prospecting. The land is in the Kelantan Bahru district, 
close to the Siamese border. It is stated in the local 
newspapers that three mining engineers have reported 
favourably on the prospects. Chinese miners have been 
getting a very even,2 oz. of gold per ton of ore worked 
by foot stamps—a most primitive and wasteful method. 
Samples assayed in Singapore give 29 oz. to the ton of 
2,000 lb. The syndicate will start with modern 
machinery—two batteries of 10-head stamps capable 
of crushing 30 tons each per day. Water power is said 
to be available, so that the ‘initial expenses of laying 
down heavy engines and the eost of fuel will be eliminated. 
The success of the whole proposition, it is said, will 
undoubtedly hinge on the question of machinery and 
working the mine, as the gold is present in sufficient 
quantity to start a modern Klondyke. The formation 
is schist and decomposed granite. This may be a some- 
what sanguine statement, but it is a fact that gold has 
been mined in Kelantan in a primitive fashion by 
Chinese and Malays since remote times. 
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